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GENERAL INTRODUCTION 
Many factors combine to determine a crop's yield. Available 
solar energy, adequate water, genetic potential, nutrition and the 
presence or absence of pests are a few of the factors most commonly 
studied. Cooke (1982) combined these factors in his discussion of the 
determinants of potential crop production. He stated that a crop's 
production is determined by the rate at which energy and carbon flow 
through the system, the crop's response to nutrients, the response to 
temperature and water stress, and the biochemical regulation of these 
processes. Energy seems to be the most important of all the factors. The 
crop's ability to convert incident solar radiation into a harvestable 
product determines the upper limit for potential yields. Solar radiation, 
however, differs with geographic location so the theoretical limit for 
yield is not universal. For example, Johnson (1980), working in Illinois, 
calculated the upper limit for corn grain yield to be 30.73 Mg ha ^, and 
Schmidt (1983) used Ohio radiation data to calculate a limit of 36.38 
Mg ha ^. With today's average corn yields at 6.9 to 7.5 Mg ha ^, there is 
much room for continued improvement. 
When considering the factors to adjust to increase corn yields in the 
future, it is useful to examine which factors research has shown to con­
tribute to past yield increases. Several researchers have studied the con­
tributions of various factors to yield increases since 1930. Lambert (1983) 
-1 -1 
estimated that corn breeding programs alone contributed 94 Kg ha yr 
to corn yields from the 1930s to the 1980s. He suggested that genetic 
improvement accounted for 60% of the yield gain and management factors 
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were responsible for the remaining 40%. Cardwell's (1982) estimate 
of 58% of the yield gain attributable to genetic improvement was in close 
agreement with Lambert. Other positive factors in Cardwell's study were 
weed control, increased plant density, N fertilizer use, improved soil 
drainage, and narrow row spacing. 
Ferrin and Heady (1975), Shaw and Durost (1965), and Thompson (1982) 
all separated weather related factors from technological ones when estimat­
ing contributions to yields. The most commonly listed advancements in 
these studies were hybrid seed, fertilizer use, and pesticide improvements. 
Recently, there has been considerable research across North America 
regarding maximum yields. One of the questions asked in this research is 
whether the previously mentioned factors can continue to be refined and 
improved to increase yields in the future. The initial results from these 
studies are encouraging. After just 4 years of selection, Lambert (1983) 
increased the average yields of his five best test crosses from 14.68 to 
18.0 Mg ha . He concluded that hybrids with the potential to consistently 
produce 18.8 to 22.0 Mg ha ^ yields are possible. An impressive 19.57 
Mg ha ^ corn yield was produced by Flannery (1982) in New Jersey. He 
questioned whether the critical nutrient levels established in the past 
for both micro- and macronutrients were adequate for yields now being 
achieved in maximum yield research. Flannery's top yield was produced by 
fertilizer applications of 560 Kg N + 148 Kg P + 279 Kg K ha while 
-1 -1 280 Kg N + 74 Kg P + 139 Kg K ha produced nearly 6.25 Mg ha less. 
Flannery's high fertilizer rates are well above currently recommended 
levels for corn production in Iowa. Maximum yield research in Minnesota 
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fell just short of the 15.68 Mg ha~^ yield goal that Randall (1982, 
1983) had established. He attributed the discrepancy to uncontrollable 
weather factors such as a cool spring in 1982 and a 10% decline in growing 
degree days in 1983. Stevenson (1983) refined the controllable factors to 
produce a yield of 15.72 Mg ha which was a record yield for Canadian 
research. 
Progress toward the theoretically maximum corn yield is being made. 
It is apparent that the factors contributing to the significant yield 
increases of the past can continue to produce additional increases. 
Yields are currently on the higher, flatter portion of the yield curve, 
however, so responses to improved inputs will not be as dramatic as in the 
1930s and 1940s. The uncontrolled factors will also play a major role in 
determining the final outcome, especially in the nonirrigated areas of 
corn production. 
The experiments described in Sections I and II are an attempt to 
determine (1) what corn yields are possible under prevailing climatic 
conditions, and (2) what level and combination of controllable factors are 
necessary to attain maximum yields. In Section I, the controlled vari­
ables row spacing, plant spacing, N fertilizer rate, timing of N applica­
tion, hybrid, and plant density were considered. The exoeriments in 
Section II studied N, P and K fertilizer rates and plant density. 
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SECTION I. THE EFFECT OF FERTILIZER N, TIMING OF N APPLICATION, 
ROW SPACING, PLANT DENSITY AND HYBRID ON CORN YIELDS 
IN CENTRAL AND EASTERN IOWA 
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INTRODUCTION 
Schmidt (1983) lists the primary goal of maximum yield research as 
identifying and developing the production systems that include the best of 
all controllable factors needed to produce the highest possible yield for 
a specific soil and climate. The controlled factors commonly studied have 
been plant density, row spacing, hybrid, soil fertility, planting date, 
pest control, and, in some cases, water availability. When the experiments 
are conducted under the prevailing climatic conditions without irrigation, 
water availability becomes an uncontrolled factor. This was the case for 
the experiments described in this paper. 
Although for the purpose of organization the factors will be dealt 
with here as listed, it is important to recognize that because of the 
interactions among them, they cannot always be evaluated independently. 
For instance, Giesbrecht (1969) found later maturing, taller hybrids were 
better adapted to the increased competition caused by increased plant den­
sity than were their earlier maturing counterparts. Benson (1982) similar­
ly states that the optimum plant density depends on hybrid, moisture 
stress, yield goal and soil fertility. Therefore, even for a given hybrid, 
optimum plant density is not static but varies from year to year and lo­
cation to location. In Iowa, the recommended densities range from 39,500 
to 59,300 plants ha ^ depending on location (Benson, 1982). The lower 
plant densities are recommended for situations with low soil moisture, 
sandy soils, low soil fertility, population intolerant hybrids, and low 
yield goals. The higher plant densities are suggested when optimum con­
ditions exist. Benson states that maximum yields in central Iowa are 
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likely to occur at 54,200 to 74,000 plants ha ^ when other factors are at 
a high level. But even higher plant densities were tvoicallv used in the 
maximum yield research conducted in North America. Stevenson (1983) and 
Flannery (1982) produced yields of 15.62 Mg ha ^ and 19.57 Mg ha ^  at 
plant densities of 92,000 and 105,000 plants ha ^, respectively. A record 
23.21 Mg ha ^ yield was produced by an Illinois corn producer, Herman 
Warsaw, with a planting rate of 84,000 seeds ha ^ in 70-cm row spacing 
(Nelson and Reetz, 1985). 
When considering plant density, one is actually considering two 
factors, plant spacing within the row and row spacing. If the distance 
between plants in the row is increased and the distance between rows is 
reduced, theoretically there would be less interplant competition for 
sunlight, water and nutrients. Corn in Iowa has been grown traditionally 
in 95- to 100-cm row soacings. In 1982, Benson reported the results 
of a 1980 survey that showed 64% of Iowa's corn crop was still being grown 
in 90- to 100-cm row soacings. These results are in spite of the fact 
that a 70.5-cm row spacing averages 4 to 6% greater yields than those 
obtained in 95- to 100-cm row spaclnqs. Yao and Shaw (1964a,b) studied 
the effects of plant spacing on water use and corn yield and on the 
distribution of net radiation (energy available for évapotranspiration). 
In the first study, they reported significant effects on yields due to 
row spacing differences in all 3 years of the study. Yields from 52.5-cra 
row spacings were greater than those from 80- or 105-cm row spaclngs. In 
their second study, they found that the amount of net radiation retained 
by the corn plants increased as row spacing was reduced with the same 
7 
plant density. 
Stickler (1964), Andrew and Peck (1971), and Stivers, Griffith and 
Christmas (1971) also studied plant spacing of corn. Under irrigated 
conditions. Stickler obtained his highest yields at 49,400 and 59,300 
plants ha 39,500 plants ha ^ produced the highest yields when no irri­
gation was applied. Yields in 50-cm row spacings exceeded those in 100-
cm row spacings by 6% when irrigated and 5% under nonirrigated condi­
tions. The increases were a result of more ears per 100 plants in the 
50-cm row spacings. Andrew and Peck found that corn in 91- and 102-cm 
row spacings yielded 93% of that obtained in a 76-cm row spacing. They 
also reported a trend toward a greater advantage of narrow row spacing 
at high plant densities and a hybrid x density x row spacing interaction. 
Stivers, Griffith and Christmas (1977) obtained yield increases of 7.3% 
in 51-cm row spacings and 4.4% in 76-cm spacings when compared to 102-cm 
spacings. At the extremes, plant spacings could be equidistant where plant 
distances within the row equal the distance between rows or there could 
be complete disorder where plants are distributed randomly within a given 
area. Both situations have been studied. Hoff and Mederski (1960) 
compared equidistant plant spacing with 105-cm row spacings in three 
experiments. One experiment compared the effects of plant spacings under 
five different plant densities with and without irrigation, a second 
experiment compared them with four plant densities and four P levels, 
and the third experiment had treatments of four plant densities with and 
without a mulch. In all experiments, the equidistant treatment yielded 
more than the 105-cm row spacings. The random planting pattern was 
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evaluated by Mock and Heghln (1976) by comparing it to conventional 
row planting. They found the random planting to produce significantly 
less grain and to have a lesser response to increasing plant density 
than did the row planted plots. Therefore, the reported literature 
indicates that an ordered plant spacing is beneficial to yields and a 
more uniform plant spacing achieved by narrowing row spacing produces 
the highest yields. 
Although the importance of plant spacing is documented in the 
literature, some researchers believe the genetic potential of the hybrid 
planted is the most important controllable factor. Among those is 
Taylor (1977) who reported that an improved variety was the most important 
factor in his study of factors affecting high-yielding maize in Nigeria. . 
It increased the yield of an otherwise complete package of factors by 86%. 
Benson (1982) stated that hybrid selection is one of the most important 
decisions made by producers each year. It is common for hybrid 
yields to differ by 1.25 to 1.88 Mg ha ^ or more. While it is im­
portant for the commercial producer, hybrid selection is equally critical 
for the researcher striving for maximum yields. Yields in excess of 18.5 
Mg ha ^ have been achieved in maximum yields research, but Lambert (1983) 
believes those yield levels were reached because of intense management 
rather than improved hybrid performance. He estimates that only a small 
percentage of the hybrids currently planted have the genetic potential to 
produce yields in excess of 18.5 Mg ha ^. 
Nevertheless, intense management is also important particularly with 
regard to the soil. The two soil-related factors that affect crop yields 
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are soil fertility and soil physical properties. The latter are impor­
tant to a crop because they determine the soil environment with respect to 
water availability and movement, soil 0^ status, and the impedance to 
root growth. Although it is possible to reduce the adverse effects of 
poor physical properties through methods to increase soil drainage or 
limit compaction, for the most part, they are an uncontrollable factor 
for a given soil. But soil fertility can readily be adjusted. The 
soil supplied nutrients that are used in the greatest amount are N, P 
and K. Of these three, N is the element most likely to limit corn yields, 
and it is most likely to be applied in the greatest amounts. Despite its 
importance, researchers in Iowa have not found a suitable soil test that 
will accurately reflect crop available N in that state. Iowa recom­
mendations are based on rate experiments on specific soil types rather 
than chemical analyses. Nitrogen recommendations for continuous corn on 
the Clarion-Webster, Kenyon-Clyde and similar soil associations range from 
134 Kg ha ^ for 6.27 Mg ha ^ yield goals to 280 Kg ha ^ for a 12.55 Mg ha ^ 
goal (Voss, 1982). Recommendations for corn following soybean would sub­
tract 1.12 Kg N ha ^ from these figures for each 67 Kg ha ^ of soybeans 
produced the previous year. In the Minnesota maximum yield demonstrations 
which were conducted on similar soils, Randall (1982, 1983) applied 392 Kg 
-1 -1 
N ha and 448 Kg N ha in 1982 and 1983, respectively, for a 15.68 Mg 
ha ^ yield goal. 
Besides the amount of N applied, research has documented that time of 
application along with other factors has a major effect on a crop's 
response to applied N. An Iowa corn producer may either apply N in the 
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fall, in the spring prior to planting, with a preemergence herbicide 
after planting, in early summer as a sidedress after the crop has 
emerged, or as a combination of these methods. The outcome of a specific 
time of N application can be quite variable depending on soil temperature, 
rainfall and soil 0^ status from the time of application to the time of 
crop utilization. For example, sidedressing N increased yields one year 
but decreased them another in a 3-year study in Florida (Robertson and 
Marten, 1982). In a Canadian study (Stevenson and Baldwin, 1969), spring 
preplant and sidedress applications were superior to a fall application. 
There was no rate of fall applied N that equaled the production from the 
optimum spring preplant rate. Fall applied rates of 90 and 112 Kg N 
ha ^ were found to be no better than a zero check by Miller et al. (1975). 
Their sidedress N was nearly as good as or better than the spring appli­
cation, but additional N applied in the spring obscured the sidedress 
advantage. Welch et al. (1971) also compared fall, spring, and summer 
sidedress applications at four sites for 2 to 4 years. They experienced 
considerable year-to-year variability, which was attributed to rainfall 
differences. The weighted averages, however, indicated the summer 
sidedress method to be the most effective, spring application to be inter­
mediate, and fall application least effective. Research also has shown 
that a crop's response to N can be affected by hybrid (Lang et al., 1956), 
amount of soil N and K, soil pH, planting date, plant stress (Voss, 1962) 
and plant density (Benson et al., 1985). 
Finally, the last controllable factor, planting date, is in reality 
only partially controllable. Long-term Iowa studies indicate that plant-
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ing dates from April 20 to May 10 are best for optimum yields (Benson, 
1982). However, weather and soil conditions may delay planting. 
Based on the previously cited literature, one can hypothesize that 
maximum yields should be grown in Iowa under the following levels of 
controlled factors: 
(a) A hybrid or hybrids with a history of producing yields in 
excess of 12.54 Mg ha 
(b) Plant densities at or in excess of 74,100 plants ha ^ planted 
in narrow row spacings or equal plant spacings. 
(c) N rates of 280 Kg ha ^ or higher and either applied in the 
spring, sidedressed after crop emergence, or a combination of 
the two. 
(d) Planting dates as soon after April 20 as weather and soil con­
ditions permit. 
The hypothesis was tested in Section I by providing a range of levels for 
each of the factors to determine the optimum level for each factor. 
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MATERIALS AND METHODS 
Experiments were conducted at three locations: Boone County 
Iowa in 1982, 1983 and 1984 on the Iowa State University Burkey farm, 
on a private farm in Scott County Iowa in 1982, and on a private farm in 
Cedar County Iowa in 1983. 
Boone County 
The prevailing soil type at the Berkee farm was a Nicollet silty clay 
loam (Aquic Hapludoll) with some Webster silty clay loam (Typic Haplaquoll) 
intermixed in the experimental area. The experiments were parallel to a 
terrace and there was some soil disturbance in the plot areas due to ter­
race construction. 
Initial soil tests were conducted in 1981 on samples from the Boone 
County site to determine the soil nutrient status prior to establishing 
the experiment. The soil test results showed P and K levels to range 
from 33 to 62 mg Kg ^ and 80. to 175 mg Kg ^, respectively. A basic rate 
of P and K (74 Kg ha ^ P + 186 Kg ha ^ K) was applied in 1982 and 1983 to 
ensure these elements did not limit corn grain yields. The experimental 
area was sampled again in the spring of 1984. At that time, the P levels 
-1 -1 
exceeded 73 mg Kg and the K levels were greater than 200 mg Kg 
Because the levels were considered to be very high, no additional P or K 
was applied in 1984. 
The location of the experiment was rotated yearly with a maximum 
yield study for soybeans. This rotation allowed for the use of a field 
cultivator as the primary tillage tool all 3 years. An Almaco plot 
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planter was used to plant the plots on June 3 in 1982. This planting date 
was approximately one month later than optimum and was caused by adverse 
weather. An International plate-type planter was used to plant on May 6 
and 11 in 1983 and 1984, respectively. All plots were overplanted and 
later reduced to their proper plant densities. 
Weed control practices consisted of a preemergence tank mix of 
alachlor and cyanazine plus hand hoeing as necessary. Bacillus 
thuringiensis was applied for first-brood corn borer control in 1984. 
The treatments applied to the Boone County site were changed slightly 
each year. Row spacing treatments of 75 cm (4 rows), 50 cm (5 rows), and 
50 cm (5 rows) with an equidistant plant spacing were applied to the main 
plots in 1982 and 1983. In 1984, a split fertilizer N treatment replaced 
the equidistant plant treatment. Fifty percent of the fertilizer was 
applied preplant and the other 50% applied approximately 3 weeks after 
plant emergence. Three fertilizer N rates, two hybrids, and two plant 
densities were combined and applied to subplots within each row spacing 
main plot. Fertilizer N rates of 67, 220 and 336 Kg ha ^ were used 
all 3 years. Urea was used as the source of fertilizer N. It was hand 
applied and incorporated within 24 hours. Cyclone 7730 and Pioneer 3541 
were the hybrid treatments in 1982 with B73xLH38 being substituted for the 
Cyclone hybrid in 1983 and 1984. Plant density treatments for the respec­
tive years were as follows: 49,420 and 74,130 plants ha"^ in 1982; 
59,304 and 79,072 plants ha ^ in 1983; and 64,246 and 79,072 plants ha ^ 
in 1984. Planter difficulties in 1982 made it impossible to achieve an 
equidistant plant spacing. Therefore, the 50-cm row spacing treatment 
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was considered to have an additional replication. 
Several observations and measurements were made to determine treat­
ment effects. The nutrient status of the plant tissue was obtained by 
taking and analyzing leaf samples opposite and below the primary ear when 
both hybrids were approximately 75% silked. Grain yields were measured 
2 2 by hand harvesting areas of 10.98 m in 1982 and 10.51 m in 1983 and 1984 
from the center two and three rows of the 75-cm and 50-cra row spacing 
treatments, respectively. The number of barren plants was also deter­
mined in 1983. The ear corn was weighed and a moisture sample was taken 
by stripping two rows of kernels from 20% of the harvested ears. The 
grain moisture samples were weighed and then dried at 60°C for at least 48 
hours. The grain moisture content was calculated assuming 30 g residual 
-1 -1 
H^O Kg dry weight. Grain yields were calculated assuming 155 g H^O Kg 
corn grain. 
The grain was analyzed for content of N, P and. K. Both the grain 
samples and the leaf samples in 1982 and 1983 and the grain samples in 1984 
were analyzed at Iowa State University's Soil Testing Laboratory. The 
samples were dried and ground before being digested at 365°C in HgSO^ and 
a Na^SO^-CuSO^-Se catalyst. An aliquot of the digest was used to deter­
mine N by a modified micro-Kjeldahl technique, P colorimetrically by a 
modified vanado-molybdate method, and K by atomic absorption. In 1984, 
the leaf samples were sent to the University of Minnesota Department of 
Soil Science Research Analytical Laboratory for determination of P, K, Ca, 
Mg, Al, Fe, Na, Mn, Zn, Cu, B, Pb, Ni, Cr and Cd. Nitrogen was de­
termined by the micro-Kjeldahl technique at Iowa State University. 
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A simple analysis of variance procedure was used to determine the 
significance of the main effects and interactions. In 1984, the N-timing 
and row-spacing treatments were analyzed as separate experiments even 
though the 50-cm row spacing, full N rate treatment was a common treatment 
in both instances. This was necessary because there was no 75-cm row 
spacing, N timing treatment. 
Scott County 
The experiment in Scott County was conducted on a Muscatine silty 
c l a y  l o a m  { A q u i c  H a p l u d o l l ) .  T h e  l a n d o w n e r  a p p l i e d  1 7 . 5 4  + 2 0 + 7 0  K g  
ha ^ of N, P and K, respectively, prior to the time that soil samples 
were taken. Soil test results showed soil test P to range from 18 to 34 
mg Kg"^ and K from 105 to 139 mg Kg Soil pH was high, ranging from 7.6 
to 8.05. The fertilizer N treatment was the only additional fertilizer 
applied. 
The previous crop at the Scott County site was soybeans, which had 
yielded 4.23 Mg ha ^ as a field average. The tillage operations con­
sisted of spring discing and field cultivating. Planting was accom­
plished on May 3 with a John Deere six row, 75-cm row spacing plateless 
planter. All plots were overplanted and later reduced to their respective 
plant densities. Weed control was accomplished with a preplant incor­
porated application of butylate plus hand hoeing where necessary. 
The treatments applied to this experiment were two hybrids. Cyclone 
7730 and Pioneer 3541, three fertilizer N rates of 112, 224 amd 336 Kg 
ha ^, and three plant densities of 59,304, 74,130, and 88,956 plants ha 
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The hybrid treatments were randomly assigned to strips extending across 
all four replications. The fertilizer N treatments and plant density 
treatments in a factorial arrangement were randomly assigned to each 
hybrid treatment within each replication. Individual plots measured 4.58 m 
(6 rows) by 15.25 m long. This arrangement resulted in a strip plot de­
sign with respect to hybrid and a randomized complete block design with 
respect to the N fertilizer rate and plant density combinations. Urea was 
used as the source of fertilizer N and was hand applied and incorporated 
within 24 hours. 
Several observations and measurements were made to determine treatment 
effects. The nutrient status of the plant tissue was obtained by analyzing 
leaf samples taken opposite and below the primary ear. These were taken 
when the Cyclone hybrid was approximately 30% silked and the Pioneer hy­
brid was essentially 100% silked. Grain yields were measured from each 
2 
plot by hand harvesting an area 18.3 m from the center four rows. The 
ear corn harvested from each plot was weighed and a moisture sample was 
taken by stripping two rows of kernels from 20% of the harvested ears. 
The moisture samples were weighed and then dried at 60°C for at least 
48 hours. The moisture content was calculated assuming 30 g residual 
HgO Kg ^ dry weight. Grain yields were calculated assuming 155 g H^O 
Kg ^ corn grain. 
The grain was analyzed for content of N, P, and K. Both the grain 
samples and the leaf samples were analyzed at the Iowa State University 
Soil Testing Laboratory. The samples were dried and ground before being 
digested at 365°C in HgSO^ and a Na^SO^-CuSO^-Se catalyst. An aliquot 
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of the digest was used to determine N by a modified micro-Kjeldahl 
technique, P colorimetrically by a modified vanado-molybdate method, 
and K by atomic absorption. 
A simple analysis of variance procedure was used to determine the 
significance of the main effects and interactions. 
Cedar County 
The experiment at the Cedar County site was located on a Colo silty 
clay loam (Cumulic Haplaquoll)-Ely silty clay loam (Cumulic Hapludoll) 
-1 -1 
complex. Soil test P exceeded 48 mg Kg and K exceeded 200 rag Kg 
-1 -1 
Therefore, except for the N treatment, only 7.84 Kg N ha , 14 Kg P ha 
and 26 Kg K ha ^ were applied through the planter. 
Corn was the previous crop at the Cedar County site. The tillage 
operations conducted were those used in the farmer's corn production man­
agement system. The experimental area was chisel plowed in the fall and 
field cultivated in the spring. It was planted on May 5, 1983 using a 
12 row, 75-cm row spacing Kinze unit. All plots were overplanted and 
later reduced to their respective treatment plant densities. 
Weed control practices consisted of an alachlor, atrazine, cyana-
zine tank mix applied preemergenze through a planter attachment. The 
plots were also hand hoed as needed. 
The experimental design used was a split-split plot. Hybrid (Pioneer 
3541 and Stauffer 7759) served as the whole plot treatments which were 
split with every combination of N fertilizer rate (124, 248 and 373 Kg 
ha ^), and time of fertilizer application. The time of application 
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treatment consisted of plots with the total amount of N applied preplant 
and plots that received a third of the fertilizer preplant and the re­
maining two-thirds just prior to the first cultivation. Urea was used 
as the source of N and was hand applied and incorporated within 24 hours. 
The N rate x time of application subplots were further split with two 
plant densities, 59,304 and 69,188 plants ha The smallest subplots, 
hybrid x N rate x time of application x plant density, measured 3.05 m 
(4 rows) wide by 13.73 m long. 
Several observations and measurements were made to determine treatment 
effects. The nutrient status of the plant tissue was obtained by analyzing 
leaf samples taken opposite and below the primary ear. These were taken 
when both hybrids were approximately 15% silked. 
Grain yields were measured in each plot by hand harvesting an area 
2 
16.01 m from the center two rows. The ear corn harvested from each plot 
was weighed and a moisture sample was taken by stripping two rows of 
kernels from 20% of the harvested ears. The moisture samples were weighed 
and then dried at 60°C for at least 48 hours. The moisture content was 
calculated assuming 30 g residual H^O Kg ^ dry weight. Grain yields were 
calculated assuming 155 g H^O Kg ^ corn grain. 
The grain was analyzed for content of N, P, and K. Both grain samples 
and the leaf samples were analyzed at the Iowa State University Soil Test­
ing Laboratory. The samples were dried and ground before being digested 
at 365°C in HgSO^ and a Na^SO^-CuSO^-Se catalyst. An aliquot of the 
digest was used to determine N by a modified micro-Kjeldahl technique. 
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P colorimetrically by a modified vanado-molybdate method, and K by 
atomic absorption. 
A simple analysis of variance procedure was used to determine the 
significance of the main effects and interactions. 
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RESULTS AND DISCUSSION 
Weather Factor 
Temperature and precipitation data for each site and year are listed 
in Tables 1 through 5. The 1982 data presented in Tables 1 and 2 indicate 
that growing conditions at both the Boone and Scott counties sites should 
have been favorable. The frequent May rainfall in Boone County delayed 
planting until June 3, however, which is approximately 30 days later than 
optimum for maximum yields. 
In 1983, adequate precipitation and favorable temperatures produced 
good growing conditions until July 19 at the Boone County site. High 
temperatures for the week of. July 19 ranged from 35 to 37°C and the mean 
August temperature of 25.8°C was the second highest in 87 years (Table 3). 
Although the Boone County August precipitation was near normal, 76 mm of 
the 106 mm occurred in the last 3 days of the month. Table 4 contains 
weather data from the Iowa City reporting site which is 16-24 Km from the 
Cedar County experiment site. It shows that precipitation was below 
normal and temperatures were above normal in 4 of the 6 months listed. 
The Cedar County site was probably subjected to the greatest stress of any 
of the experiments. The 1984 weather data presented in Table 5 indicates 
that growing conditions early in the season were relatively favorable but 
that August was again extremely dry in Boone County. What the table does 
not reveal is the effect of a strong, dry southwest wind that desiccated 
the corn plants. A better indicator of the effects of weather over 
the 3-year period is Shaw's (1983) stress index that takes into account 
21 
Table 1. Precipitation and temperature data for April through September 
of 1982 at the Iowa State University Agronomy Research Center 
Precipitation Temperature 
Deviation Ave Ave Monthly Deviation 
Month Monthly from norm max mln ave from norm 
April 59.6 -10.7 13.8 1.1 7.5 2.2 
May 154.9 40.9 22.5 11.9 17.2 1.4 
June 66.5 -80.0 24.7 12.3 18.6 -2.3 
July 156.5 69.3 29.2 17.6 28.4 .3 
Aug 88.1 -4.0 26.9 16.0 21.5 — # 7 
Sept 48.2 -35.0 22.9 11.4 17.2 — , 1 
Table 2. Precipitation and temperature data for April through September 
of 1982 at Davenport, Iowa 
Precipitation Temperature 
Deviation Ave Ave Monthly Deviation 
Month Monthly fiom norm max mln ave from norm 
mm °C 
April 24.6 Not 13.2 1.8 7.5 Not 
May 73.4 available 25.3 13.7 19.6 available 
June 158.7 25.4 14.1 19.7 
July 178.0 29.7 19.6 24.6 
Aug 35.5 27.2 17.6 22.4 
Sept 45.0 23.7 13.4 18.6 
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Table 3. Precipitation and temperature data for April through September 
of 1983 at the Iowa State University Agronomy Research Center 
Precipitation Temperature 
Deviation Ave Ave Monthly Deviation 
Month Monthly from norm max min ave from norm 
o_ 
mm C 
April 80.0 -6.4 11.6 1.2 6.4 
00 CM CO t 
May 157.7 46.7 18.9 7.6 13.7 -2.4 
June 231.6 101.9 27.7 15.6 21.7 .5 
July 83.0 9.6 31.6 18.6 25.4 1.7 
Aug 106.6 7.9 32.5 19.1 25.8 3.8 
Sept 80.7 .7 26.0 1] .4 18.7 1.2 
Table 4. Precipitation and temperature data for April through September 
of 1983 at Iowa City, Iowa 
Precipitation Temperature 
Deviation Ave Ave Monthly Deviation 
Month Monthly from norm max mdn ave from norm 
mm °C 
April 92 .7  -2 .8  12 .9  2 .9  7 .9  -2 .6  
May 106 .1  6 .6  21 .3  8 .9  15 .2  —1.6  
June 58 .2  i
n
 o
 
in 1 3 0 .1  16 .7  23 .6  1 .5  
July 61 .7  -62 .2  33 .4  20 .3  26 .9  2 .7  
Aug 76 .2  -22 .9  34 .6  20 .7  27 .6  4 .7  
Sept 94 .2  5 .0  26 .3  12 .6  19 .5  .9  
23 
Table 5. Precipitation and temperature data for April through September 
of 1984 at the Iowa State University Agronomy Research Center 
Month 
Precipitation 
Monthly 
Deviation 
from norm 
Temperature 
Ave Ave Monthly Deviation 
max min ave from norm 
-mm-
April 
May 
June 
July 
Aug 
Sept 
173.7 
129.3 
167.9 
86.9 
8.1 
101.8 
87.4 
18.3 
38.1 
-7.6 
-90.7 
20.3 
13.1 3.8 8.5 -1.2 
16.1 8.6 12.4 -3.7 
27.9 16.4 22.1 1.0 
28.8 16.4 22.6 - .7 
29.1 17.1 22.6 .5 
23.9 9.7 16.8 — * 6 
factors such as runoff, infiltration, evaporation, évapotranspiration, 
plant rooting depth over time, and silking date. The 25-year mean stress 
index for the years 1960 to 1984 is 9.61. The central Iowa indexes for 
1982, 1983 and 1984 are .09, 16.47, and 25.54, respectively. Although 
it appears from these data that moisture stress was greater in 1984 than 
in 1983, Shaw (R. H. Shaw, Dept. of Agronomy, Iowa State University, 
personal communication) indicated that his soil-moisture computer pro­
gram overestimated 1983 yields by an average 2.6 Mg ha~^. He attributed 
the discrepancy in part to the fact that roots did not extract water ef­
ficiently from depths below .9 to 1.2 m, but the soil-moisture program 
was run in its normal root extraction mode. After making adjustments for 
the water extraction differences, the yields were still overestimated 
by 1.3 Mg ha ^. 
24 
Shaw's data combined with Thompson's (1984) estimate that 1983 was 
the fourth worst drought year recorded in Iowa are indications that 
with the exception of Scott County in 1982 the weather in these 3 years 
was not conducive to high yields. 
N Fertilizer Rates 
The N fertilizer rate treatment had very little effect at the Boone 
County site in any of the 3 years. Table 6 shows a significant but 
inconsistent yield response to N fertilizer rate in 1982 and significant 
responses of grain and leaf concentrations from the 67 Kg N ha ^ to the 
336 Kg N ha ^ rate and 67 to 202 Kg N ha ^, respectively. There were no 
significant yield responses in either 1983 (Table 7) or 1984 (Tables 8 
and 9). However, data from both years show differences in concentrations 
of leaf and grain N. In 1983, there was a small (.7 g Kg ^) but sig­
nificant increase in leaf K concentration from 67 Kg N ha ^ to 336 Kg N 
ha ^ and, in 1984, leaf P concentrations increased significantly from 67 
to 202 Kg N ha ^. Grain moisture at harvest showed a significant decrease 
from the 67 to 202 Kg N ha ^ rate. 
The lack of a yield response to increased N was initially somewhat 
surprising in these experiments. However, in the Boone County experiments, 
the normal estimate for N contribution from the previous soybean crop was 
low because two-thirds of it was left in the field unharvested. The 
unharvested soybeans would have added an estimated 130 to 140 Kg N ha ^. 
Therefore, even the plots with the lowest N rate could have had signifi­
cant amounts of N available. 
Table 6. Effect of N fertilizer rate on grain yield, grain moisture, grain N, P and K concentra­
tions, and leaf N, P and K concentrations at the Boone County site in 1982 
Grain Leaf 
N rate Yield Moisture N P K N P 
-1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg -
67 8.16 a 287 a 14.13 a 3.37 a 4.28 a 31.39 a 3.45 a 21.91 a 
202 7.71 b 295 a 14.23 ab 3.24 a 4.11 a 31.82 b 3.37 a 22.14 a 
336 8.07 a 293 a 14.56 b 3.41 a 4.32 a 33.91 b 3.39 a 21.74 a 
LSD .29 8.21 .37 .35 .39 .38 .09 .87 
. 05 
^Numbers in a column followed by the same letter are not significantly different at the 5% 
level in this and all subsequent tables where applicable. 
Table 7. Effect of N fertilizer rates on grain yield, grain moisture, grain N, P and K concentra­
tions, leaf N, P and K concentrations, and barren stalk percentage at the Boone County 
site in 1983 
Grain Leaf 
Barren 
N rate Yield Moisture N P K N P K stalks 
< 
-1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg % 
67 7.35 a 214 a 14.6 a 3.26 a 4.04 a 29.2 a 3.21 a 25.1 a 22 a 
202 7.09 a 232 a 14.9 ab 3.27 a 4.05 a 29.6 b 3.23 a 25.8 b 24 a 
336 7.04 a 213 a 15.1 b 4-13 a 4.15 a 30.1 c 3.22 a 25.8 b 24 a 
LSD .43 5.27 .30 1.29 .21 .39 .07 .58 4 
CO 
o> 
Table 8. Effect of N fertilizer rate on grain yield, grain moisture, grain N, P and K concentra­
tions, and leaf N, P and K concentrations in the row width experiment at the Boone County 
site in 1984 
Grain Leaf 
N rate Yield Moisture N P K N P 
-1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg -
67 10.26 a 222 a 12.16 a 2.78 a 3.62 a 27.3 a 2.72 a 20.6 a 
202 10.39 a 216 b 13.16 b 2.79 a 3.52 b 29.1 b 2.86 b 20.8 a 
336 10.68 a 214 b 13.50 c 2.79 a 3.60 ab 29.4 b 2.90 b 20.4 a 
LSD pg .49 6 .30 .08 .09 1.04 .07 .59 
Table 9. Effect of N fertilizer rate on grain yield, grain moisture, grain N, P and K concentra­
tions and leaf N, P and K concentrations in the N timing experiment at the Boone County 
site in 1984 
Grain Leaf 
N rate Yield Moisture N P K N P K 
-1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg 
67 10.4 a 217 a 11.98 a 2.79 a 3.60 a 26.7 a 2.65 a 20.0 a 
202 10.7 a 209 b 13.12 b 2.83 a 3.59 a 29.0 b 2-84 b 20.5 a 
336 10.5 a 204 b 13.66 b 2.86 a 3.66 a 29.1 b 2.85 b 20.4 a 
LSD ns .32 7 .5 .33 .08 .09 .87 .07 .61 
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In the two outlying experiments, only the Scott County site (Table 
10) had a significant yield response to increased N fertilizer and that 
-1 
response was negative. The 5.7% yield reduction from the 336 Kg N. ha 
rate can be traced to severe lodging of Cyclone 7730 at both high plant 
densities and the highest fertilizer rate. The significant hybrid x N 
fertilizer rate and hybrid x plant density interactions presented in 
Figures 1 and 2 demonstrate the problem. 
In the two outlying experiments (Tables 10 and 11), leaf and grain 
N concentrations showed a consistent positive response to increased N 
fertilizer. At the Cedar County site, there was also a significant in­
crease in barren stalks at the 373 Kg N ha ^ rate. An increase in barren 
stalks generally would mean a decrease in grain yield and Table 11 does 
show a 5% grain yield reduction from the intermediate to high fertilizer 
N rate. However, the difference does not exceed experimental error. 
N Timing 
The full preplant rate vs the split rate N treatment was applied 
to only the Cedar County experiment (Table 12) and the 1984 Boone County 
experiment (Table 13). The only significant response to the N-timing 
treatment occurred at the Cedar County site. Barren stalk percentage 
declined from 9.6% with all N fertilizer applied preplant to 7.2% when 
the fertilizer was split between preplant and sidedress applications. 
The reduction in barren stalks did not significantly increase grain 
yields however. The only other significant response at the Cedar County 
site was an increase in leaf K concentration with the split N 
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Figure 1. The effect of the hybrid x N-rate interaction on grain yield 
at the Scott County site 
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Figure 2. The effect of the hybrid x plant density interaction on grain 
yield at the Scott County site 
Table 10- Effect of N fertilizer rate on grain yield, grain moisture, grain N, P and K concentra­
tions and leaf N, P and K concentrations at the Scott County site in 1982 
Grain Leaf 
N rate Yield Moisture 
-1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg -
112 10.5 a 189 ab 13.4 a 3.77 a 4.61 a 31.7 a 3.43 a 18.3 a 
224 10.4 a 188 a 14.1 b 3.69 a 4.46 a 32.4 b 3.40 a 18.0 a 
336 9.9 b 193 b 14.5 c 3.84 a 4.56 a 33.3 c 3.46 a 18.3 a 
LSD gg .39 4 .39 .29 .31 .66 .07 .94 
w 
M 
Table 11. Effect of N fertilizer rate on grain yield, grain moisture, grain N, P and K concentra­
tions, leaf N, P and K concentrations, and barren stalk percentage at the Cedar County 
site.in 1983 
Grain Leaf 
Barren 
N rate Yield Moisture N P K N P K stalks 
Kg ha ^  Mg ha~^ Kg"l_ . g Kg" -1 % i\y — 
124 6.60 a 248 a 16.8 a 4.24 a 5.49 a 31.8 a 2.98 a 23.4 a 7.2 a 
248 6.60 a 242 a 18.4 b 4.45 a 5.64 a 33.2 b 3.03 a 22.7 b 7.6 a 
373 6.26 a 244 a 18.3 b 4.21 a 5.44 a 33.5 b 3.02 a 23.1 ab 10.5 b 
ia».05 .38 6 .94 .27 .40 .80 • .07 .42 2.3 
Table 12. Effect of full N rate preplant and split N application treatments on grain yield, grain 
moisture, grain N, P and K concentrations, leaf N, P and K concentrations, and barren 
stalk percentage at the Cedar County site in 1983 
Grain Leaf 
N Barren 
timing Yield Moisture N P K N F K stalks 
_ — ZY 
Mg ha g Kg g Kg % 
Preplant 6.45 a 243 a 17.9 a 4.35 a 5.55 a 32.8 a 3.02 a 22.9 a 9.6 a 
Split 6.53 a 247 a 17.8 a 4.25 a 5.49 a 32.8 a 3.01 a 23.3 b 7.2 b 
LSD Qg .36 5 .77 .22 .32 .65 .059 .347 1.9 
Table 13. Effect of full N rate preplant and split N application on grain yield, grain moisture, 
grain N, P and K concentrations and leaf N, P and K concentrations at the Boone County 
site in 1984 
w lO 
N 
timing 
Grain Leaf 
Yield Moisture N 
Mg ha -1 -g Kg -1 -g Kg -1 
Preplant 
Split 
9.9 a 
11-9 a 
203 a 
216 a 
13.1 a 
12.7 a 
2.82 a 
2.84 a 
3.59 a 
3.65 a 
27.6 a 
28.9 a 
2.76 a 
2.80 a 
20.4 a 
20.3 a 
LSD 
.05 
5.9 137 .96 .039 .209 2.4 .41 2.35 
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application. At the Boone County site, grain yields increased by 
2 Mg ha ^ between the full and split application treatments, but an 
increase of 3 times that amount would have been necessary to reach 
statistical significance. There was, however, a significant N timing 
X plant density interaction on yield. Figure 3 Indicates that the split 
rate produced greater yields than the full rate preplant treatment. It 
also shows that with the split rate there was a positive yield response 
to Increased plant density, but the response was negative when the full 
amount of N was applied preplant. This interaction would imply that 
the full-rate preplant treatment N was not as efficient at supplying the 
plant with N. 
Plant Density 
The effects of the plant density treatments are presented in Tables 
14 through 19. In every case, the lowest plant density was sufficient 
to produce maximum yields. Increased plant density significantly re­
duced yields at the Boone County site in 1982 and 1983 and the Scott 
County site in 1982. The reduction at Scott County can again be 
attributed to the severe lodging of Cyclone 7730. Figure 2 indicates 
that the Pioneer hybrid's yield remained relatively constant across all 
three plant densities, while Cyclone 7730's yield steadily decreased 
with increased plant density. The yield reduction in Boone County in 
1983 can likely be attributed to the fact that the higher plant density 
accentuated the plant moisture stress resulting in 30% barren stalks as 
compared to 17% for the lower density. The Cedar County site also had 
34 
1 2 . 0  
.Tll.o 
'm 
x: 
o> 
S 
ÛJ 10.0 
9 . 0  
I I Full rate treatment 
Split rate 
treatment 
6 4 , 2 4 6  
i 
I 
7 9 , 0 7 2  
PLANT DENSITY (plants ha ) 
Figure 3. The effect of the N timing x plant density interaction on yield 
in the 1984 N-timing experiment at the Boone County site 
Table 14. Effect of plant density on grain yield, grain moisture, grain N, P and K concentra­
tions and leaf N, P and K concentrations at the Boone County site in 1982 
Plant 
density Yield Moisture 
Grain Leaf 
-1 -1 -1 -1 
Plants ha Mg ha g Kg g Kg -
49,420 8.26 a 294 a 14,4 a 3.-45 a 4.32 a 32.12 a 3.42 a 21.40 a 
74,130 7.69 b 289 a 14.1 a 3.23 a 4.15 a 31.29 b 3.38 a 22.46 b 
LSD .24 6.7 .30 .29 .32 .31 .07 .71 
Table 15. Effect of plant density on grain yield, grain moisture, grain N, P and K concentrations, 
leaf N, P and K concentrations and barren stalk percentage at the Boone County site in 
1983 
Plant 
density 
Grain Leaf 
Yield Moisture N N 
Barren 
stalks 
-1 -1 
Plants ha Mg ha 
59,304 7.63 a 213 a 15.1 a 3.30 a 4.10 a 30.1 a 3.22 a 
79,072 6.69 b 213 a 14.7 b 3.80 a 4.06 a 29.1 b 3.22 a 
25.4 a 17 
25.7 a 30 
LSD 
.05 
.35 .25 1.05 .179 .32 .06 .47 
Table 16. Effect of plant density on grain yield, grain moisture, grain N, P and K concentra­
tions and leaf N, P and K concentrations in the row width experiment at the Boone 
County site in 1984 
Grain Leaf 
Plant 
density Yield Moisture N P K N P 
-1 -1 -1 -1 
Plants ha Mg ha g Kg g Kg -
64,246 10.59 a 218 a 13.0 a 2.81 a 3.61 a 29.0 a 2.89 a 20.2 a 
79,072 10.30 a 216 a 12.8 b 2.76 a 3.55 a 28.2 a 2.76 b 20.9 b 
LSD .405 5.0 .25 .07 .08 .85 .06 .48 
Table 17. Effect of plant density on grain yield, grain moisture, grain N, P and K concentra­
tions and leaf N, P and K concentrations in the N-timing experiment at the Boone 
County site in 1984 
Grain Leaf 
Plant 
density Yield Moisture N P K N P 
-1 -1 -1 -1 
Plants ha Mg ha g Kg g Kg 
64,246 10.49 a 209 a 13.1 a 2.87 a 3.66 a 28.7 a 2.83 a 19.9 a 
79,072 10.65 a 210 a 12.7 b 2.79 b 3.58 b 27.9 b 2.72 b 20.8 b 
LSD .26 6 .27 .06 .07 .71 .05 .50 
Table 18. Effect of plant density on grain yield, grain moisture, grain N, P and K concentra­
tions and leaf N, P and K concentrations at the Scott County site in 1982 
Grain Leaf 
Plant 
density Yield Moisture N P K N P 
-1 -1 -1 -1 
Plants ha Mg ha g Kg g Kg 
59,304 10.6 a 192 a 14.4 a 3-84 a 4.57 a 33.3 a 3.51 a 18.0 a 
74,130 10.3 ab 188 a 14.0 b 3.76 a 4.55 a 32.3 b 3.40 b 18.4 a 
88,956 10.0 b 190 a 13.7 c 3.71 a 4.50 a 31.8 b 3.37 c 18.2 a 
LSD .39 3.8 .39 .29 .31 .66 .07 .94 
Table 19. Effect of plant density on grain yield, grain moisture, grain N, P and K concentra­
tions, leaf N, P and K concentrations and barren stalk percentage at the Cedar 
County site in 1983 
Plant 
density Yield 
Grain 
Moisture N 
Leaf 
Barren 
K stalks 
Plants ha ^ Mg ha ^ -g Kg -1 -g Kg -1 % 
59,259 
69,135 
6.55 a 
6.45 a 
241 a 
249 b 
18.2 a 
17.5 a 
4.41 a 
4.19 a 
5.64 a 
5.40 a 
33.2 a 
32.4 b 
3.04 a 
2.98 b 
23.1 a 
23.0 a 
7 a 
11 b 
LSD 
.05 
. 2 2  .80  .23 .31 • 54 .05 .61 2.14 
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significantly more barren stalks at the highest plant density, but 
grain yield was not affected. 
Grain N concentration was reduced at Boone County by increasing 
plant density in 1984 and the Scott County site in 1982. Grain P and K 
concentrations also were reduced by greater density on the N-timing ex­
periment in Boone County (1984). Increasing plant density reduced leaf N 
concentration in 5 of the 6 experiments and leaf P concentration in 4 of 
6. However, all levels are within the range of concentrations considered 
to be adequate for maximum yields. Figure 4 presents the effect of the 
plant density x N fertilizer rate interaction on leaf N concentration. 
The concentration for the lower density is consistently greater than thë 
higher density but the response to increased N fertilizer for the first 
plant density appears to have leveled off while for the second density it 
is still increasing. As the number of plants drawing from a fixed nutri­
ent source increases, it is logical to expect the amount of nutrient ab­
sorbed by each plant to decline. This would explain the decline in nutri­
ent concentration observed in Tables 14 through 19 and the interaction in 
Figure 4 but not the increase in leaf K concentrations in the Boone County 
experiments in 1982 and 1984 (Tables 14, 16 and 17). Since one would not 
expect an individual plant to increase K absorption in response to in­
creased plant competition, a more plausible explanation would be that the 
increased density causes changes within the plant that change K concentra­
tions within specific plant parts. Edmeades and Daynard (1979) present 
data indicating that the stem to leaf laminae ratio changes from 2.1 
to 1.7 as plant densities increase from 50,000 to 150,000 plants ha ^ 
39 
• 64,246 Plants ha 
A 79,072 Plants ha 
- 1  
- 1  
67 202 
- 1  
336 
FERTILIZER N-RATE (Kg ha ) 
Figure 4. The effect of the plant density x N fertilizer rate inter­
action in the 1984 N-timing experiment at the Boone County 
site 
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so there is evidence of shifts in plant structure. The decrease in 
grain K concentrations with increased plant density in 1984 may also be 
an indication that total K in the plant declines. However, neither 
Edmeades and Daynard nor this author measured relative changes between 
leaf and stalk K concentrations to observe changes in K partitioning. 
Further study of this observation would have merit since it implies that 
the critical level of K could change with plant density. 
Hybrid 
In 1982/ the shorter season Pioneer 3541 produced significantly 
greater grain yields than Cyclone 7730 (Tables 20 and 21). At the Scott 
County site, the lower yield of 7730 was most likely due to the lodging 
tendencies mentioned previously, while at the Boone County site, the 
late planting date likely contributed to the difference. At both 
locations. Pioneer 3541 had significantly lower grain moisture at 
harvest and higher grain K and leaf P and K concentrations. Grain N 
concentration was greater for 3541 at the Boone County site but lower in 
Scott County. There were three significant (.05) hybrid x plant density 
interactions in Scott County involving grain N, P and K concentrations 
(Figures 5 through 7). However, the interactions appear to be as much a 
function of yield level as a differential response of the hybrids' grain 
nutrient concentration to plant density. More of all three nutrients were 
removed in the harvested grain of the Pioneer hybrid (grain yield x 
nutrient concentration) at all three plant densities than in the Cyclone 
hybrid (Figures 8 through 10). Leaf N concentrations were higher for 
Table 20. Effect of hybrid on grain yield, grain moisture, grain N, P and K concentrations 
and leaf N, P and K concentraitons at the Boone County site in 1982 
Grain Leaf 
Hybrid Yield Moisture N P K N P 
-1 -1 -1 
Mg ha g Kg g Kg -
Cyclone 7730 7.69 a 314 a 14.5 a 3.21 a 3.85 a 31.21 a 3.36 a 20.0 a 
Pioneer 3541 8.26 b 268 b 14.1 b 3.47 a 4.62 b 32.21 b 3.45 b 23.8 b 
LSD .24 6.7 .30 .29 .32 .31 .07 .71 
. 05 
Table 21. Effect of hybrid on grain yield, grain moisture, grain N, P and K concentrations and 
leaf N, P and K concentrations at the Scott County site in 1982 
Hybrid 
Grain 
Yield Moisture N 
Leaf 
Mg ha -1 -g Kg 
-1 
-g Kg 
-1 
Cyclone 7730 
Pioneer 3541 
9.83 a 
10.81 b 
203 a 
177 b 
13.8 a 
14.2 a 
3.54 a 
3.90 a 
4.13 a 
4.95 b 
32.4 a 
32.5 a 
3.33 a 
3.52 b 
17.1 a 
19.3 b 
LSD 
.05 
.46 7.1 .72 .37 .42 . 62  .05 .33 
4 2  
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Figure 5. The effect of the hybrid x plant density interaction on grain 
N concentration at the Scott County site 
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Figure 6. The effects of the hybrid x plant density interaction on grain 
P concentration at the Scott County site 
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Figure 7. The effects of the hybrid x plant density interaction on grain 
K concentration at the Scott County site 
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Figure 8. The effects of hybrid and plant density on the amount of N 
harvested in the grain 
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Figure 9. The effects of hybrid and plant density on the amount of P 
harvested in the grain 
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Figure 10. The effects of hybrid and plant density on the amount of K 
harvested in the grain 
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3541 than for 7730 in Boone County, but they were not significantly dif­
ferent for the two hybrids in Scott County. 
The shorter season Pioneer 3541 appeared to perform better than 
B73xLH38 in the moisture stress year of 1983 at the Boone County site 
(Table 22). The Pioneer hybrid had significantly fewer barren stalks and 
produced a greater grain yield. In addition, the hybrid x plant density 
interaction for grain yield (Figure 11) shows B73xLH38's yieild reduction 
to be greater than 3541's when plant density is increased. The yield for 
B73xLH38 dropped by 19% while Pioneer 3541 was reduced by 11.5%. In 
1984, B73xLH38 produced significantly higher yields than Pioneer 3541 
(Tables 23 and 24). 
The grain and leaf nutrient concentrations for the B73xLH38 hybrid 
were never greater than those for Pioneer 3541. Grain P and K and leaf 
K concentrations were significantly greater for 3541 in every instance 
and leaf N and leaf P concentrations were greater for 3541 in 1983 and 
1984, respectively. 
There were few differences between Pioneer 3541 and Stauffer 7759 
at the 1983 Cedar County site (Table 25). Grain moisture at harvest was 
significantly lower for 3541 but grain K and leaf P were higher. 
Row Spacing 
The row spacing treatment was applied only at the Boone County site 
(Tables 26 through 28). It produced only two significant responses, a 
15.8% yield advantage for the 50-cm row spacing in 1982 and greater leaf 
N concentration for the 75-cm row spacing treatment in 1984. In addition 
Table 22. Effect of hybrid on grain yield, grain moisture, grain N, P and K concentrations, leaf 
N, P and K concentrations and barren stalk percentage at the Boone County site in 1983 
Grain Leaf „ 
Barren 
Hybrid Yield Moisture N P K N P K stalks 
Mg ha ^ g Kg ^ g Kg ^ % 
B73XLH38 6.78 a 227 a 14.61 a 3.09 a 3.78 a 29.0 a 3.20 a 24.4 a 27 a 
Pioneer 7.54 b 199 b 15.25 b 4.02 b 4.38 b 30.2 b 3.23 a 26.7 b 20 b 
3541 
LSD __ .35 4.3 .25 1.05 .179 .32 .06 -47 3 
50 
8. 0 
^ 7.0 
I (0 
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Figure 11. The effect of the hybrid x plant density 
at the Boone County site in 1983 
interaction on yield 
Table 23. Effect of hybrid on grain yield, grain moisture, grain N, P and K concentrations and 
leaf N, P and K concentrations in the row width experiment at the Boone County site 
in 1984 
Grain Leaf 
Hybrid 
B73XLH38 
Pioneer 
3541 
Yield Moisture N N 
LSD 05 
-1 
Mg ha 
10.6 a 230 a 
10.1 b 204 b 
.405 5 
-1 
g Kg 
12.95 a 2.72 a 
12.93 a 2.85 b 
.25 .07 
3.38 a 
3.78 b 
. 08  
28.3 a 
28.9 a 
.85 
-1 
-g Kg -
2.79 a 
2.87 b 
.06 
20.2 a 
21.0 b 
.48 
Table 24. Effect of hybrid on grain yield, grain moisture, grain N, P and K concentrations and 
leaf N, P and K concentrations in the N-timing experiment at the Boone County site 
in 1984 
Hybrid 
Grain Leaf 
Yield Moisture N N 
B73XLH38 
Pioneer 
3541 
-1 
Mg ha 
10.84 a 226 a 
10.36 b 194 b 
-1 
g Kg 
12.8 a 2.78 a 3.43 a 
13.0 a 2.88 b 3.80 b 
28.2 a 
28.4 a 
-g Kg 
2.74 a 
2.81 b 
19.8 a 
20.9 b 
LSD 
.05 
.26 6.1 .27 .06 .076 .71 .05 .50 
Table 25. Effect of hybrid on grain yield, grain moisture, grain N, P and K concentrations, 
leaf N, P and K concentrations and barren stalk percentage at the Cedar County site 
in 1983 
Grain Leaf 
Barren 
Hybrid Yield Moisture N P K N P K stalks 
-1 -1 -1 
Mg ha g Kg g Kg % 
Stauffer 
7759 
Pioneer 
3541 
6.55 a 284 a 17.5 a 4.31 a 5.27 a 32.8 a 2.88 a 21.9 a 11 a 
6.42 a 205 b 18.2 a 4.29 a 5.77 b 32.9 a 3.15 b 24.3 a 7 a 
LSD 1.05 27 1.6 .15 .39 .70 .07 3.4 4.09 
Table 26. Effect of row spacing on grain yield, grain moisture, grain N, P and K concentrations 
and leaf N, P and K concentrations at the Boone County site in 1982 
Grain Leaf 
Row 
spacing Yield Moisture N P K N P 
-1 -1 -1 
cm Mg ha g Kg g Kg 
50 8.35 a 291 a 14.40 a 3.44 a 4.35 a 31.75 a 3.41 a 21.95 a 
75 7.21 b 292 a 14.14 a 3.14 a 4.00 a 31.60 a 3.40 a 21.88 a 
LSD .95 11.5 1.05 .90 .62 .74 .76 4.94 
Table 27. Effect of row and plant spacing on grain yield, grain moisture, grain N, P and K con­
centrations, leaf N, P and K concentrations and barren stalk percentage at the Boone 
County site in 1983 
m 
w 
Row 
spacing 
Grain Leaf 
Yield Moi sture N N 
Barren 
stalks 
cm 
50 
50E 
75 
Mg ha 
7.47 a 
6.83 a 
7.18 a 
-1 -1 g Kg 
220 a 14.77 a 3.32 a 4.06 a 
213 a 15.14 a 4.05 a 4.03 a 
206 a 14.88 a 3.28 a 4.16 a 
-1 g Kg 
29.1 a 3.22 a 25.6 a 
29,9 a 3.13 a 25.8 a 
30.0 a 3.31 a 25.3 a 
% 
24 a 
26 a 
19 a 
LSD 
.05 
3.76 26 1.29 2.11 .44 1.26 .38 2.7 27 
Table 28. Effect of row spacing on grain yield, grain moisture, grain N, P and K concentrations 
and leaf N, P and K concentrations at the Boone County site in 1984 
Grain Leaf 
Row 
spacing Yield Moisture N P K N P K 
-1 -1 -1 
cm Mg ha g Kg g Kg 
50 9.9 a 203 a 13.1 a 2.82 a 3.59 a 27.6 a 2.76 a 20.4 a 
75 10.9 a 230 a 12.7 a 2.75 a 3.57 a 29.5 b 2.90 a 20.8 a 
LSD 3.0 61 .64 .23 .31 1.47 .19 3.9 
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to those two main effect responses, there were several significant inter­
actions. Only one of those, the hybrid x row spacing interaction for 
yield, adds anything to the discussion. Figure 12 presents this interac­
tion. It is apparent that the Pioneer hybrid produced better yields in 
both row spacing treatments. However, the Cyclone hybrid gave the greater 
yield response when shifted from 75- to 50-cm row spacings. 
It seems appropriate here to point out the high experimental error 
associated with the 1983 and 1984 row spacing treatments and the 1984 N-
timing treatment. In all three experiments, yield differences must 
exceed 3 to 6 Mg ha ^ to be considered statistically significant. When 
compared to the .95 Mg ha~^ LSD in 1982, the excessive error becomes 
evident. It is this author's belief that the large error is due to 
(1) the large moisture stress in 1983 and 1984, and (2) the soil vari­
ability of the experimental area. These two factors combined to make 
the location in the field a greater determinant of yield level than 
treatment. The soil variability effects could not be removed entirely 
by blocking because it ran diagonally to any possible replication. One 
corner of the experimental area was a depression with soils of relatively 
high organic matter and clay content. This soil appeared to have a greater 
water-holding capacity and, therefore, was better able to supply water 
to the plants in the high stress years. 
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Figure 12. The effect of the hybrid x row spacing interaction on grain 
yield at the Boone County site in 1982 
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Treatment Effects on Other Plant Nutrients 
Table 29 summarizes the effect of applied treatments on the secondary 
nutrients, micronutrients and other elements. The data indicate that 
there was no response to the row-spacing treatment and only two significant 
responses to the N-timing treatments when the split N application reduced 
the leaf concentrations of Mg and Al. Increasing the rate of N fertilizer 
increased the concentration of most of the secondary and micronutrients. 
Since N is absorbed primarily as an anion and all the elements except B 
listed in Table 30 are absorbed as cations, the increased absorption of 
cations would be expected to maintain a charge balance. The increase of B 
can most likely be attributed to lower pH on plots with higher N rates 
because OH is a competitive inhibitor of B absorption. 
The difference in nutrient concentration between the two hybrids was 
consistent in both the row-spacing and N-timing experiments. The Pioneer 
hybrid had greater concentrations of Ca, Mg, Al and Mn and lower concen­
trations of B than did B73xLH38. The plant density data indicate that, 
as density increases, leaf Ca and B concentrations decline. Such a re­
sponse is not surprising because the Ca and B levels were not increased 
along with plant density and there were more plants drawing from a fixed 
nutrient source. In the row-spacing data, Mg concentration increased 
with increased plant density. This response was not expected and was not 
reproduced in the N-timing experiment. 
Table 30 compares the minimum mean concentrations of the secondary 
and micronutrients with published critical values. All nutrients except 
Zn were in the adequate range. Zinc was below the critical value pub­
lished by Jones (1972) but above those published by Melsted et al. 
(1969). 
Table 29. Response of secondary nutrient, micronutrient and other element leaf concentrations 
to applied treatments in the row-spacing and N-tiraing experiments at the Boone County 
site in 1984 
Nutrient a 
Treatment Ca Mg A1 Fe Mn Zn Cu B Pb Ni Cr Cd 
Row-spacing experiment 
Row spacing ns ns ns ns ns ns ns ns ns ns ns ns 
N rate 
(lowhigh) + + ns I + + + + ns ns ns ns 
Hybrid (B73xLH38 
vs Pioneer 3541) 
Plant density 
(low -»• high) 
+ ns + ns ns - ns ns ns ns 
ns ns ns ns ns - ns ns ns ns 
N-timing experiment 
ns - - ns ns ns ns ns ns ns ns ns 
N timing 
(full vs split) 
N rate 
( low ^ high) 
Hybrid (B73xLH38 
vs Pioneer 3541) 
Plant density 
(low ->-high) 
ns + ns + + + + + ns ns ns ns 
+ + + ns + ns ns - ns ns ns ns 
- ns ns ns ns ns ns - ns ns ns ns 
^ns = response is not statistically significant; + = nutrient increases as fertilizer rate 
increases; - = nutrient decreases as fertilizer rate increases; I = the response is inconsistent. 
Table 30. A comparison of the minimum leaf concentrations with published critical values for the 
secondary and micronutrients in the row-spacing (RS) and N-timinq experiments at the 
Boone County site in 1984 
Experiment 
Nutri­ Row 
spacing N timing 
Critical Toxic Plant 
ent Min conc Treatment Min conc Treatment level level part Stage Sourc 
— 1 
9 Kg 
-1 
9 Kg 
-1 g Kg 
Ca 8.42 B73XLH38 8.28 B73XLH38 4.0 Ear Tassel 
Mg 3.37 Lowest NR 3.07 Lowest NR 1.5 leaf Tassel M 
Fe .113 Lowest NR .109 Lowest NR .020 .350 Silk j"" 
Mn .058 Lowest NR .052 Lowest NR .020 .200 Silk J 
Zn .019 Lowest NR .017 Lowest NR .020 .500 Silk J 
Zn .015 Tassel M 
Cu .0063 Lowest NR .0054 Lowest NR .005 .030 Silk J 
B .007 75-cm RS .007 Lowest NR .004 .025 Silk J 
Pb .0078 75-cm RS .000890 Intermed NR Not published 
Ni .0029 Intermed NR .00030 All NR 
Cr .000208 Lowest NR .000183 Lowest NR 
Cd .000102 Lowest NR .0000747 Split 
A1 .0496 B73XLH38 .049 B72XLH38 
^NR = N rate; RS = row spacing. 
^Melsted et al. (1969). 
Jones, J. B. (1972). 
SUMMARY AND CONCLUSIONS 
The objectives of this study were to (a) determine the maximum 
yield under prevailing climatic conditions in eastern and central Iowa and 
(b) determine wha't combination of the controlled factors N fertilizer 
rate, timing of N application, row spacing, plant density, and hybrid 
gave maximum yield. Experiments were established over a 3-year 
period in Boone County (1982-84), Scott County (1982) and Cedar County 
(1983) Iowa to meet the objectives. At the Scott County site, two 
hybrids. Cyclone 7730 and Pioneer 3541, three N fertilizer rates of 112, 
224 and 336 Kg ha ^, and three plant densities of 59,304, 74,130 and 
88,956 plants ha ^ were combined and applied to an experimental area that 
had grown soybeans the previous year. At the Cedar County site, hybrid 
treatments of Pioneer 3541 and Stauffer 7759 were applied to whole plots 
which were split with factorial combinations of 124, 248 and 373 Kg ha 
N fertilizer rates, full preplant and split N fertilizer application 
and plant densities of 59,304 and 69,188 plants ha ^. Treatments applied 
in Boone County were slightly different each year. Row-spacing treatments 
of 75 and 50 cm were applied to the main plots in 1982. In 1983, row-
spacing treaments of 75, 50 and 50 cm with an equidistant plant 
spacing were applied and, in 1984, a split fertilizer N treatment replaced 
the equidistant plant treatment. These main plots were split with fac­
torial combinations of N fertilizer rate, hybrid and plant density. 
-1 
Nitrogen rates of 67, 202 and 336 Kg ha were used all 3 years. 
Cyclone 7730 and Pioneer 3541 were the hybrid treatments in 1982, but 
B73xLH38 was substituted for Cyclone 7730 in 1983 and 1984. Plant 
density treatments were 49,420 and 74,130 plants ha ^ in 1982; 
59,304 and 79,072 plants ha ^ In 1983; and 64,246 and 79,072 plants 
ha ^ in 1984. Grain yield, grain moisture at harvest and leaf and grain 
N, P and K concentrations were measured to determine treatment effects. 
Weather had a moderating effect on yields at the Cedar County site in 
1983 and at the Boone County site in all 3 years of the study. In 1983, 
temperature and moisture stresses were high in late July and August and 
high also in late August of 1984. In 1982, frequent spring precipitation 
at the Boone County site delayed planting approximately 30 days. 
Grain yields at the Boone County site in 1982 ranged from 5.04 to 
10.56 Mg ha ^ with an experiment mean of 7.97 Mg ha ^. In 1983, the range 
-1 -1 
was 2.53 to 10.34 Mg ha and the experiment mean was 7.16 Mg ha . And 
in 1984, the range was 7.18 to 13.44 Mg ha ^ with an experiment mean of 
10.44 Mg ha ^. Statistical analyses indicated that the combinations of 
minimum treatments resulting in maximum yields at the Boone County 
-1 -1 
site were as follows; 67 Kg N ha , 49,420 plants ha , Pioneer 3541 in 
-1 -1 50-cm row spacings in 1982; 67 Kg N ha , 59,304 plants ha , Pioneer 3541 
in any of the applied row spacings in 1983; and 67 Kg N ha either N-
timing and row-spacing treatment, 64,246 plants ha ^, and B73xLH38 in 
1984. At the Scott County site, grain yields ranged from 7.23 to 12.65 
Mg ha ^ with an experiment mean of 10.32 Mg ha ^. The treatment combina-
-1 -1 
tion resulting in maximum yield was 112 Kg N ha , 59,304 plants ha , 
and Pioneer 3541. Yields ranged from 5.42 to 7.62 Mg ha ^ at the Cedar 
County site with an experiment average of 6.49 Mg ha The treatment 
combination producing maximum yield was 124 Kg N ha either N-timing 
treatment/ 59,254 plants ha ^ and either Pioneer 3541 or Stauffer 7759. 
The absence of a consistent and significant grain yield response 
to N at the Boone County site was attributed to the fact that two-thirds 
of the previous year's soybeans were left in the field unharvested, 
thus contributing to the following year's N supply. Despite this excess 
N, grain and leaf N concentrations were significantly increased each year 
by increased N fertilizer rates. A significant grain yield reduction with 
increased rate of N fertilizer at the Scott County site was attributed to 
severe lodging of Cyclone 7730 at high N rates. A hybrid x N rate inter­
action showed the yield of Pioneer 3541 to be relatively stable across N 
rates, but the yield of Cyclone 7730 dropped 1.3 Mg ha from the lowest 
to highst N rate. Increased N rates increased the barren stalk percentage 
from 7.2 to 10.5 at the Cedar County site. The increased number of barren 
stalks did not result in a significant yield reduction however. 
The only significant yield response to the N-timing treatment was the 
N timing x plant density interaction in Boone County. When the N was all 
applied preplant, increasing plant density resulted in a 3.8% yield re­
duction, but the split application produced a 6.5% yield increase. 
At every location and every year, the lowest plant density produced 
maximum yields. Three site years, Boone County in 1982 and 1983 and Scott 
County in 1982, had yield reductions when plant density was increased. 
The negative response at the Scott County site was again attributed to 
severe lodging. A significant hybrid x plant density interaction re­
vealed that the yield of Pioneer 3541 was stable across plant densities, 
while Cyclone 7730's yield declined by 13.6% from the lowest to highest 
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density. At Boone County in 1983, increasing plant densities accentu­
ated a significant moisture stress resulting in an increase in barren 
stalks from 17 to 30%. 
Pioneer 3541 gave significantly greater grain yields at Scott County 
(1982) and Boone County in 1982 and 1983, and significantly lower yields 
than B73xLH38 at Boone County in 1984. At the Scott County site, the 
difference was due to 3541 not lodging. At the Boone County site, 3541 
was an earlier maturing hybrid than Cyclone 7730 and B73xLH38, which were 
the alternate treatments in 1982 and 1983, respectively. With the late 
planting date in 1982, the earlier maturity may have given Pioneer 3541 
an advantage. In 1983, 3541 was not as affected by the stress as much 
as B73xLH38. Pioneer 3541 had a lower barren stalk percentage and lower 
yield reduction with increased plant density than did B73xLH38. In 1984, 
also a high stress year, B73xLH38 had the greater yield but the major 
stress occurred in late August rather than July and early August as it had 
in 1983. 
There was a significant grain yield difference in row-spacing treat­
ments only in 1982 when the 50-cm treatment had the advantage. In 1983 
and 1984, either the 50- or 75-cm row spacing could produce maximum 
yields. 
Although the controlled treatments did not increase yields greatly 
in these experiments, some conclusions can be drawn. 
1. Weather was a critical factor in determining maximum yields. 
2. In this experiment, the hybrids' yield potential and their 
ability to resist lodging under high N and high plant density 
64 
conditions were important in determining maximum yields. 
3. Grain yield responses to plant density were sensitive to the 
additional stresses placed on the plant. Therefore, the plant 
density producing maximum yield will be determined by hybrid 
selection, plant N nutrition and other factors not studied in 
these experiments. 
4. Maximum yields were achieved in these experiments with the lowest 
rate of N applied. 
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SECTION II. EFFECTS OF FERTILIZER N, P AND K RATES AND 
PLANT DENSITY ON CORN YIELDS IN CENTRAL IOWA 
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INTRODUCTION 
Much of the corn yield increases in the past five decades can be 
attributed to the identification and elimination of controllable factors 
that limit production. Section I of this paper reported on a study of the 
controlled variables' genetic potential, row spacing, plant density and N 
fertilization. In this second section, the effects of plant density and 
N, P and K fertilization will be discussed. 
Typical plant density recommendations for Iowa range from 39,500 
to 59/300 plants ha ^ (Benson, 1982). The lower densities are suggested 
for areas of low yield potential while the higher rates are suggested 
when optimum conditions exist. Benson (1982) states that in central 
Iowa, maximum yields are likely to be produced at 64,000 to 74,000 plants 
ha ^ when the other factors are at a high level. However, higher plant 
densities have been used In maximum yield efforts across North America. 
Researchers Stevenson (1983) and Flannery (1982) and Illinois farmer 
Herman Warsaw (Nelson and Reetz, 1985) used densities of 92,000, 105,000 
and 84,000 plants ha ^ to produce grain yields of 15.62, 19.57 and 
23.21 Mg ha ^, respectively. 
Nitrogen recommendations in Iowa are based on N-rate experiments on 
specific soil types rather than chemical analyses because Iowa researchers 
have not found a suitable soil test for N. Phosphorus and potassium 
recommendations, unlike N, are based on soil test results with considera­
tion given to the crop to be grown, level of subsoil P and K, soil area 
and other yield-limiting physical factors that can be identified (Voss, 
1982). Iowa State University N recommendations for continuous corn on 
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Clarion-Webster and similar soils range from 134 Kg ha ^ for a 6.27 
Mg ha~^ yield goal to 280 Kg ha ^ for a yield goal of 12.55 Mg ha ^. 
For a corn-soybean rotation, 1.12 Kg N ha ^ would be subtracted for each 
67 Kg ha~^ of soybeans produced the previous year. Fertilizer recommenda­
tions for P on Clarion-Webster soils would range from 59 Kg ha ^ P for 
soils with 7.5 mg Kg ^ P or less, to no P for soils testing greater than 
30 mg Kg P. An optional maintenance rate of 22 Kg ha ^ P would be 
recommended for soils testing in the 20 to 30 mg Kg ^ range. The recom­
mendations for K on Clarion-Webster soils range from 130 Kg ha ^ K for 
soils with 35 mg Kg ^ or less exchangeable K to no K for soils testing 
greater than 150 mg Kg ^ of exchangeable K. An optional 18 to 32 Kg ha ^  
K would be recommended for soils testing in the 100 to 150 mg Kg ^ ex­
changeable K range. 
Greater amounts of fertilizer are generally applied when an indi­
vidual is striving for maximum yields, however. It is estimated that 
15.62 Mg ha ^ corn crop contains 373 Kg N, 70 Kg P and 310 Kg K in its 
above-ground portion (Wallingford, 1983). Flannery (1982) produced a 
19.57 Mg ha ^ yield with 560+148+279 Kg N, P and K ha ^. This high rate 
showed a significant yield advantage over his lower rate (280N+74P+279K). 
Herman Warsaw (Nelson and Reetz, 1985) built his soil P and K to very 
high levels with annual applications of 70 to 133 Kg P and 158 to 335 Kg 
K ha~^. He also used greater than 448 Kg N ha ^ the year he grew 23.21 
Mg ha~^ yields. Wallingford (1983) summarizes some of the maximum yield 
results from across the continent. He indicated that Jay Johnson at Ohio 
State University produced his highest yield (13.54 Mg ha ^) with 
fertilizer applications of 448 Kg N + 74 Kg P + 279 Kg K ha ^ in 
50-cm row spacings and E. E. Schulte in Wisconsin obtained a 1.12 Mg ha ^ 
yield increase with his high fertility level and high plant density. He 
also lists instances where the higher fertilizer rate gave equal or lower 
yields than a lower rate. He lists results of Ken Stevenson in Ontario 
indicating virtually no yield response to doubling N, P and K rates from 
280 Kg N + 74 Kg P + 139 Kg K ha ^ and indicates that Flannery found 
a negative yield response to the high fertilizer rate in unirrigated 
plots. 
In this experiment, three rates of N fertilizer were applied, 
various levels of P and K fertility were established and both were com­
bined with two plant densities to determine the nutrient levels and 
combinations of nutrient level and plant density that produced maximum 
yields under prevailing climatic conditions of central Iowa. 
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METHODS 
This experiment was conducted over a 3-year period, 1982, 1983 
and 1984, at Iowa State University's Burkey farm. The prevailing soil 
type In the experimental area was a Nicollet sllty clay loam (Aqulc 
Hapludoll) with some Webster sllty clay loam (Typlc Haplaquoll) inter­
mixed. The experiment was parallel to a terrace and there was some soil 
disturbance in the plot areas due to terrace construction. 
Initial soil tests were conducted in 1981 on samples taken from 
each of the 81 whole plots to determine nutrient status at the beginning 
of the experiment. In order to document nutrient buildup or depletion, 
soil samples were taken annually from the whole plots prior to application 
of fertilizer treatments. 
The location of the experiment was rotated annually with an adjacent 
maximum yield study for soybeans. The primary tillage tool all 3 
years was a field cultivator. The plots were planted with a 4-row, 
75-cm row spacing International plate-type planter. Adverse weather 
delayed planting until June 2 in 1982. Planting dates for 1983 and 1984 
w&re May 5 and 11, respectively. All plots were overplanted and later 
reduced to their treatment plant densities. The hybrid used in 1982 was 
Pioneer 3541 and in 1983 and 1984 B73xLH38 was used. 
Weed control practices consisted of a tank mix of alachlor 
and cyanazine applied preemergence plus hand hoeing as necessary. 
Bacillus thuringiensis was applied in 1984 for first-brood corn borer. 
The main plot treatments were factorial combinations of three rates 
of fertilizer K: 0, 186 and 279 Kg K ha and three rates of fertilizer 
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P: 0, 74 and 110 Kg P ha The treatments were assigned randomly 
the first year but, in subsequent years, they were assigned to the same 
plots so as to evaluate P and K accumulation and depletion. Twenty-
seven whole plots were split into three subplots to accommodate the 
fertilizer N and plant density treatments. To these subplots, 
combinations of three fertilizer N rates of 168, 252 and 336 Kg ha ^ and 
three plant densities of 59,259, 69,135 and 79,012 plants ha ^ in 1982 
and 1983 and 59,259, 74,074 and 88,888 plants ha ^ in 1984 were applied. 
Treatment effects were determined by making several observations and 
measurements. Nutrient status of the plant tissue was obtained by 
analyzing leaf samples taken opposite and below the primary ear when 75 
to 80% of the plants were silked. 
Lodging scores were obtained from a subjective evaluation by the 
author and a technician. The plots were rated 0 to 5 with 0 indicating no 
lodging and 5 complete lodging. 
2 
Grain yields were measured by machine harvesting an area 12.81 m from 
the center two rows of each plot. The shelled corn was weighed and a 
moisture sample of approximately 300 g was taken. Moisture samples were 
weighed and then dried at 60°C for at least 48 hours. The grain moisture 
content was calculated assuming 30 g residual H^O Kg ^ dry weight. Grain 
yields were calculated assuming 155 g H^O Kg ^ corn grain. 
The grain was analyzed for content of N, P and K. Both the grain 
samples and the leaf samples in 1982 and 1983 and only the grain in 1984 
were analyzed at the Iowa State University Soil Testing Laboratory. The 
samples were dried and ground before being digested at 365°C in HgSO^ and 
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a NagSO^-CuSO^-Se catalyst. An aliquot of the digest was used to 
determine N by a modified micro-Kjeldahl technique, P colorimetrically by 
a modified vanado-molybdate method and K by atomic absorption. In 1984, 
the leaf samples were sent to the University of Minnesota Department 
of Soil Science's Research Analytical Laboratory for determination of 
of P, K, Ca, Mg, Al, Fe, Na, Mn, Zn, Cu, B, Pb, Ni, Cr, Cd and S. 
The tissue N was determined by the micro-Kjeldahl technique at Iowa 
State University. 
A simple analysis of variance procedure was conducted to determine 
the significance of the main effects and interactions. 
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RESULTS AND DISCUSSION 
Weather 
Temperature and precipitation data are listed in Tables 1 through 3. 
In 1982, frequent May rains delayed planting until June 2 and dictated 
the use of a shorter season hybrid than had been planned. In 1983, 
adequate precipitation and favorable temperatures combined to produce 
good growing conditions until July 19. High temperatures for the week 
following July 19 ranged from 35 to 37°C. This was followed by several 
days of moderate temperatures at the end of July. The mean August 
temperature of 25.8°C was the second highest in 87 years. Although 
August precipitation data were near normal, 76 mm of the 106 mm occurred 
in the last three days of the month. At first glance, the 1984 weather 
data appear relatively favorable but Table 3 indicates that August was 
again extremely dry and the table does not show the effect of a strong, 
dry southwest wind that desiccated the corn plants. 
A better indicator of the effects of the weather over the 3-year 
period is Shaw's (1983) stress index that takes into account such factors 
as runoff, infiltration, evaporation, évapotranspiration, plant rooting 
depth over time and date of silking. The 25-year mean stress index for the 
years 1960 to 1984 is 9.51. The stress indexes for 1982, 1983 and 1984 
are .09, 16.57 and 25.54, respectively. Although it appears that mois­
ture stress was greater in 1984 than in 1983, Shaw (Department of 
Agronomy, Iowa State University, personal communication) indicated that 
his soil-moisture program overestimated 1983 yields by an average 2.6 
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Table 1. Precipitation and temperature data for April through September 
of 1982 at the Iowa Stets University Agronomy Research Center 
Precipitation Temperature 
Deviation Ave Ave Monthly Deviation 
Month Monthly from norm max min ave from norm 
April 69.6 -10.7 13.8 1.1 7.5 2.2 
May 154.9 40.9 22.5 11.9 17.2 1.4 
June 66.5 -80.0 24.7 12.3 18.6 -2.3 
July 156.5 69.3 29.2 17.6 23.4 .3 
Aug 88.1 -4.0 26.9 16.0 21.5 -.7 
Sept 48.2 -35.0 22.9 11.4 17.2 — • 1 
Table 2. Precipitation and temperature data for April through September 
of 1983 at the Iowa State University Agronomy Research Center 
Precipitation Temperature 
Deviation Ave Ave Monthly Deviation 
Month Monthly from norm max min ave from norm 
April 80.0 -6.4 11.6 1.2 6.4 -3.28 
May 157.7 46.7 18.9 7.6 13.7 -2.4 
June 231.6 101.9 27.7 15.6 21.7 .5 
July 83.0 9.6 31.6 18.6 25.4 1.7 
Aug 106.6 7.9 32.5 19.1 25.8 3.8 
Sept 80.7 .7 26.0 11.4 18.7 1.2 
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Table 3. Precipitation and temperature data for April through September 
of 1984 at the Iowa State University Agronomy Farm 
Precipitation Temperature 
Deviation Ave Ave Monthly Deviation 
Month Monthly from norm max min ave from norm 
mm °C 
April 173.7 87.4 13.1 3.8 8.5 -1.2 
May 129.3 18.3 16.1 8.6 12.4 -3.7 
June 167.9 38.1 27.9 16.4 22.1 1.0 
July 86.9 —7.6 28.8 16.4 22.6 
Aug 8.1 -90.7 29.1 16.1 22.6 .5 
Sept 101.8 . 20.3 23.9 9.7 16.8 -.6 
Mg ha ^. Shaw attributed the discrepancy in part to the fact that roots 
did not extract water efficiently from depths below .9 to 1.2 meters, 
but the soil-moisture program was run in its normal root extraction 
mode. After making adjustments for the water extraction differences, the 
yields were still overestimated by 1.3 Mg ha ^. 
Shaw's data combined with Thompson's (1984) estimate that 1983 was 
the fourth worst drought year recorded in Iowa are indications that the 
weather in these 3 years was not conducive to high yields. 
N Fertilizer Rates 
The main effects of N fertilizer on grain yield, leaf N, P and K 
contents, grain N, P and K concentrations, and grain moisture at harvest 
are listed in Tables 4 through 6. There was no statistically significant 
grain yield response to the N treatments in any of the 3 years. 
Table 4 .  Effect of N fertilizer rate on grain yield, leaf N, P and K concentrations, grain 
N, P and K concentrations and grain moisture at harvest in 1982 
Grain Leaf 
N rate Yield Moisture 
-1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg 
168 9.56 a 278 a 14.4 a 4.31 a 5.65 a 31.0 a 3.90 a 23.3 a 
252 9,68 a 275 a 14.5 ab 4.35 a 5.73 a 31.8 b 3.88 a 22.9 a 
336 9.62 a 275 a 14.7 b 4.36 a 5.68 a 31.7 b 3.83 a 23.1 a 
LSD .29 4.0 .23 .13 .16 .03 .12 .54 
Table 5. Effect of N fertilizer rate on grain yield, leaf N, P and K concentrations, grain N, 
P and K concentrations and grain moisture at harvest in 1983 
Grain Leaf 
N rate Yield Moisture 
-1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg 
168 8.39 a 230 a 14.0 a 3.20 a 3.89 a 26.0 a 2.93 a 21.0 a 
252 8.46 a 227 b 14.6 b 3.15 a 3.83 a 29.3 b 3.41 ab 20.6 a 
336 8.62 a 230 a 14.8 b 3.14 a 3.78 a 30.1 c 3.79 b 20.5 a 
LSD gg .47 2.7 .36 .11 .14 .41 .53 .55 
. -J 03 
Table 6. Effect of N fertilizer rate on grain yield, leaf N, P and K concentrations, grain N, 
P and K concentrations and grain moisture at harvest in 1984 
Grain Leaf 
N rate Yield Moisture N P K N P 
-1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg -
168 11.3 a 219 a 12.5 a 2.83 a 3.55 a 28.2 a 2.79 a 17.9 a 
252 11.3 a 217 a 13.2 b 2.87 a 3.56 a 30.0 b 3.02 b 17.9 a 
336 11.2 a 217 a 13.4 b 2.90 a 3.59 a 30.6 b 3.09 b 17.9 a 
LSD 287 5.47 .34 .073 .07 .76 .07 .60 
.05 
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There was, however, a nonsignificant yield response in 1983 (Table 5). 
Excess precipitation in May and June most likely reduced the availability 
of applied N either by leaching it out of the shallower than normal root 
zone or by denitrification. The 1983 leaf N concentration also indicates 
the yield differences may have been due to more than just random variation. 
A leaf content of 28 g N Kg ^ dry weight is considered adequate for 95% of 
maximum yield (Hanway, 1962). In 1983, the 168 Kg N ha ^ rate produced 
leaf concentrations of only 26 g N Kg ^ dry weight. The 252 and 336 Kg N 
ha ^ rates resulted in significant increases in N concentrations and the 
level of each would normally be considered adequate for maximum yields. 
Leaf N concentrations in 1982 and 1984 showed significant increases from 
158 to 252 Kg N ha"^ but all levels were again considered adequate. Leaf P 
increased significantly between 168 and 336 Kg N ha ^ and 168 and 252 Kg 
N ha ^ in 1983 and 1984, respectively. Grain N also responded in a sig­
nificant manner from 168 to 252 Kg N ha ^ in 1983 and 1984 and from 168 to 
336 Kg N ha"^ in 1982. 
Data from the three experiments indicate that maximum yields 
were produced with 168 Kg ha ^ applied N plus the normal estimate of 50 
-1 -1 
Kg N ha from the 3 Mg ha yield of the previous soybean crop. However, 
in these experiments, the normal estimate for the soybean contribution is 
low because two-thirds of the soybeans were left in the field unharvested. 
The unharvested beans would have added an estimated 130 to 140 Kg N ha 
Therefore, the 168 Kg N ha ^ plots could have had significantly greater 
amounts of N available. When one considers the amount of N potentially 
available, the absence of a significant N response is not surprising. 
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P Fertilizer Rates 
It is apparent in Tables 7 through 9 that 4 years of P fertiliza­
tion have resulted in significant differences in soil test P levels. All 
soil P levels except the 1983 0 P-rate plots would be classified as very 
high by the Iowa State University Soil Testing Lab. Therefore, no 
additional P would be recommended. The exception (1983 0 P rate) would 
be considered high and would have only an optional maintenance amount (22 
Kg ha ^) recommended. The differences in soil test P plus P fertiliza­
tion rates resulted in significant leaf P differences in 2 of 3 years 
(1982 and 1984). The mean leaf P levels were all at concentrations con­
sidered to be adequate. Grain P also increased with increased available 
soil P and grain K increased in 2 of 3 years. Grain moisture at harvest 
declined with increased soil P in 1983. Grain yield responded to P in only 
1 year, 1983, and that was a negative response, phosphorus fertiliza­
tion resulted in nearly a 10% decline in grain yield that year. An ex­
planation for the decline, although not readily apparent, may be found in 
the weather data for 1983. Early in the season, growing conditions were 
quite good, allowing for rapid plant growth. Visual differences in plant 
size and vigor were apparent between the unfertilized plots and plots 
receiving fertilizer P. May and June precipitation would have been suf­
ficient to bring the soil water content to field capacity, which for Iowa 
soils is considered to be 254 mm water in a 1.5 meter root zone. Daily 
évapotranspiration (ET) losses during the growing season are estimated to 
average 6.35 mm day giving a 40-day moisture reserve. However, in an 
Table 7. Effect of P fertilizer rate on grain yield, leaf N, P and K concentrations, grain N, P 
and K concentrations and grain moisture at harvest in 1982 
Grain Leaf 
Soil 
P rate Yield Moisture N P K N P K test P 
-1 -1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg mg Kg 
0 9.54 a 280 a 14.7 a 4.26 a 5.63 a 31.8 a 3.38 a 23.5 a 34.7 a VH 
74 9.66 a 274 a 14.5 a 4.36 ab 5.70 a 31.6 ab 3.91 b 22.8 b 43.8 b VH 
110 9.66 a 274 a 14.5 a 4.40 b 5.72 a 31.1 b 4.32 c 23.0 ab 57.5 c VH 
LSD .27 7.2 .24 .11 .12 .73 .16 .60 8.75 
Table 8. Effects of P fertilizer rate on grain yield, leaf N, P and K concentrations, grain N, P 
and K concentrations and grain moisture at harvest in 1983 
Grain Leaf 
Soil 
P rate Yield Moisture N P K N P K test P 
-1 -1 -1 -1 -1 Kg ha Mg ha g Kg g Kg mg Kg 
0 8.99 a 232 a 14.4 a 3.00 a 3.69 a 28.3 a 3.17 a 20.6 a 29.7 a H 
74 8.13 b 228 ab 14.5 a 3.25 b 3.94 b 28.6 a 3.31 a 20.9 a 58.3 b VH 
110 8.35 ab 227 b 14.4 a 3.24 b 3.87 b 28.5 a 3.64 a 20.6 a 86.6 c VH 
LSD Qg .72 4.7 .40 .08 .16 .52 .59 .60 9.75 
Table 9. Effect of P fertilization rate on grain yield, leaf N, P and K concentrations, grain N, P 
and K concentrations and grain moisture at harvest in 1984 
Grain Leaf 
Soil 
P rate Yield Moisture N P K N P K test P 
-1 -1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg mg Kg 
0 11.1 a 216 a 13.1 a 2.7 a 3.5 a 30.0 a 2.72 a 17.9 a 32.1 a VH 
74 11.4 a 218 a 12.9 a 2.8 b 3.6 b 29.7 ab 2.92 b 17.7 a 61.5 b VH 
110 11.2 a 218 a 13.0 a 2.9 c 3.6 b 29.3 b 3.26 c 18.1 a 88.0 c VH 
LSD .36 6.6 .33 .07 .07 .47 .157 .81 15.6 
CO 
w 
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earlier section, it was established that in 1983 water was not extracted 
efficiently below 1 m and this would reduce the reserve to approximately 
27 days. If the differences in plant growth between the P-fertilized 
plots and unfertilized plots resulted in different ET losses, the plants 
on the unfertilized plots could have stretched the reserve over a longer 
period of time, thus utilizing water more efficiently and accounting for 
greater yields on the unfertilized plots. The 1983 grain moisture data 
support this explanation because it appears the 74 and 110 Kg P ha ^ 
treatments matured earlier than the 0 P treatment. 
The increase in grain K concentration with increased P fertility 
may also be related to the decline in grain yield with P fertilization. 
Multiplying the grain K concentrations by the grain yields results 
in nearly equal amounts of K harvested, 33.3, 33.2 and 33.2 Kg K ha ^ for 
0, 74 and 110 Kg P ha ^ rates, respectively. 
Individual plot data for the 1982 and 1984 site showed that one area 
of the field had plots testing extremely low in soil P. In 1982, some 
plots were in the 1.5 to 4.0 mg P Kg ^ soil range and, in 1984, they 
ranged from 2.5 to 5.0. One might expect yields to be limited in these 
areas, but they were not. One of these plots produced a yield of 13.5 
Mg ha ^ in 1984. Obviously, the soil test was not accurately reflecting 
plant available P on these plots. The soil pH associated with the low P 
plots was 8.0 or slightly higher. Iowa State University uses the Bray 
test for soil P but the Olson test is generally considered better on cal­
careous soils with high pH values. 
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K Fertilizer Rates 
Over the 3-year time period that these experiments were conducted, 
k fertilization resulted in significant differences in soil test K, tissue 
N, P and K concentrations, grain yield, and, grain moisture at harvest 
(Tables 10 through 12). The grain yield response in 1982 was positive 
and resulted from both the 186 and 279 Kg K ha rates. Therefore, in 1982 
maximum yields were obtained from the 279 Kg ha ^ fertilizer K rate. The 
response in 1983 was not significant but a trend was apparent. The trend, 
however, like the P response for 1983, was a negative one and most likely 
caused by the same factors causing the negative P response. In 1984, the 
response was again positive and resulted from only the first fertilizer 
increment. 
The mean leaf K concentration on the 1984 unfertilized K treatments 
fell below the 17 to 20 g Kg ^ range normally considered to be sufficient 
(Jones and Eck, 1973). In fact, the grain yield is surprisingly high 
for such a low leaf K concentration. In 1983, the leaf concentration for 
the unfertilized K treatment was also below the normally accepted critical 
level, but it resulted in the maximum mean grain yield. The mean leaf K 
concentrations in 1982 were all above the critical level, but yield in­
creases resulted from each increment of K fertilizer. The decreases in 
mean leaf N and P concentrations with increased K fertilization are most 
likely due to dilution effects. 
Added K fertilizer increased grain moisture at harvest all three 
years. In every instance, the change was significant for the first in­
crement added. Liebhardt (1968) offers a hypothesis to explain early 
Table 10. Effect of K fertilizer rate on grain yield, leaf N, P and K concentrations, grain N, 
P and K concentrations and grain moisture at harvest in 1982 
Grain Leaf 
Soil 
K rate Yield Moisture N P K N P K test K 
-1 -1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg mg Kg 
0 9.28 a 268 a 14.6 a 4.25 a 5.59 a 32.5 a 3.99 a 18.5 a 92 a M 
186 9.67 b 278 b 14.5 a 4.39 a 5.74 a 30.9 b 3.89 ab 24.7 b 134 b H 
279 9.91 c 282 b 14.5 a 4.39 a 5.73 a 31.1 b 3-73 b 26.3 c 183 c VH 
LSD .20 5.2 .29 .22 .24 .68 .20 1.06 28 
Table 11. Effect of K fertilizer rate on grain yield, leaf N, P and K concentrations, grain N, P 
and K concentrations and grain moisture at harvest in 1983 
Grain Leaf 
Soil 
K rate Yield Moisture N P K N P K test K 
— 1 —1 —1 ""1 ~"1 
Kg ha Mg ha g Kg g Kg mg Kg 
0 8.77 a 219 a 14.6 a 3.16 a 3.86 ab 29.7 a 3.66 a 15.3 a 81 a M 
186 8.35 a 232 b 14.3 a 3.09 ab 3.74 a 27.7 b 3.12 a 22.9 b 157 b VH 
279 8.35 a 236 b 14.5 a 3.24 b 3.89 b 28.0 b 3.35 a 23.9 c 220 c VH 
LSD gg .71 4.0 .34 .09 .12 .59 .54 .89 28 
Table 12. Effect of K fertilizer rate on grain yield, leaf N, P and K concentrations, grain N, 
P and K concentrations and grain moisture at harvest in 1984 
Grain Leaf 
Soil 
K rate Yield Moisture N P K N P K test K 
-1 -1 -1 -1 -1 
Kg ha Mg ha g Kg g Kg rag Kg 
0 10.7 a 211 a 13.2 a 2.85 a 3.54 a 30.8 a 3.14 a 13.5 a 79 a M 
186 11.5 b 218 b 12.9 b 2.88 a 3.60 a 29.1 b 2.92 b 19.7 b 171 b VH 
279 11.6 b 224 b 13.0 ab 2.87 a 3.57 a 29.1 b 2.84 b 20.5 c 291 c VH 
LSD .70 6.6 .29 .04 .08 .95 .13 .72 
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senescence of K-deflclent plants. He establishes that, when plants are 
deficient in K, the lower leaves are a poor source of photosynthate and 
the deficiency retards the movement of compounds in the plant. He 
speculates that because the lower leaves usually supply the roots with 
photosynthate, the root system of these plants would be smaller. He 
concludes that since the roots provide the upper plant with compounds 
which delay senescence, the observation of premature senescence in K-
deficient plants may be explained by the smaller root system providing 
smaller concentrations of these compounds to the plant. 
Plant Density 
As the number of plants drawing nutrients from a fixed amount of a 
nutrient source increases, one would expect the amount of nutrient per 
plant to decline or perhaps remain constant if the amount of nutrient is 
in excess. Tables 13 through 15 reveal that was what happened with leaf N 
and P concentrations in these experiments. Leaf N concentrations de­
creased as plant density increased all 3 years and leaf P concentration 
did not significantly differ in 1982 and 1983 but declined in 1984. Leaf 
K concentrations followed the opposite trend, however, by significantly 
increasing from the lowest to highest plant density in 1982 and 1983 and 
remaining constant in 1984. It does not appear logical to expect an in­
dividual plant to increase K absorption in response to greater plant com­
petition. A more plausible explanation would be that the increased densi­
ty causes changes within the plant that change K concentrations within 
specific plant parts. For example, the stem to leaf laminae ratio changes 
Table 13. The effect of plant density on grain yield, grain moisture at harvest, grain N,.P 
and K concentrations and leaf N, P and K concentrations in 1982 
Grain Leaf 
Plant 
density Yield Moisture N P K N P 
-1 -1 -1 -1 
Plants ha Mg ha g Kg g Kg 
59,259 9.57 a 277 a 14.7 a 4.35 a 5.69 a 31.8 a 3.87 a 22.8 a 
69,135 9.64 a 277 a 14.5 ab 4.35 a 5.71 a 31.6 a 3.87 a 23.0 ab 
79,012 9.65 a 274 a 14.4 b 4.32 a 5.66 a 31.1 a 3.88 a 23.4 b 
LSD gg .29 4 .23 .13 .15 .5 .12 .54 
Table 14. The effect of plant density on grain yield, grain moisture at harvest, grain N, P and 
K concentrations and leaf N, P and K concentrations in 1983 
Grain Leaf 
Plant 
density Yield Moisture 
-1 -1 -1 -1 
Plants ha Mg ha g Kg g Kg 
59,259 8.80 a 231 a 14.6 a 3.16 a 3.83 a 29.1 a 3.27 a 20.3 a 
69,135 8.69 a 228 a 14.4 a 3.17 a 3.84 a 28.3 b 3.25 a 20.8 ab 
79,012 7.99 b 228 a 14.4 a 3.16 a 3.84 a 28.0 b 3.60 a 20.9 b 
LSD Qg .47 3.0 .36 .11 .14 .41 .53 .55 
Table 15. The effect of plant density on grain yield, grain moisture at harvest, grain N, P and 
K concentrations and leaf N, P and K concentrations in 1984 
Plant 
density Yield Moisture 
Grain Leaf 
-1 -1 -1 -1 
Plants ha Mg ha g Kg g Kg -
59,259 11.2 a 219 a 13.1 a 2.88 a 3.58 a 30.6 a 3.07 a 17.9 a 
74,074 11.4 a 217 a 13.0 a 2.87 a 3.57 a 29.6 b 2.96 b 17.8 a 
88,888 11.2 a 217 a 12.9 a 2.84 a 3.56 a 28.7 c 2.86 c 18,0 a 
LSD .28 5 .34 .07 .07 .76 .07 .60 
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as plant densities increase (Edmeades and Daynard, 1979). This struc­
tural change may increase K concentrations in the leaf at the expense of 
the stalk. Data to confirm or refute the above explanation were not 
collected in this experiment however. 
The only main effect of plant density on grain yield was in the high 
stress year of 1983. Yields that year showed a general decline as plant 
density increased with the reduction at the highest density being sig­
nificantly different than the lowest and intermediate plant densities. 
In 1983, maximum yields were achieved with 59,259 plants ha ^, while in 
1982 and 1984, the analyses of main effects indicated that any of the 
densities would result in maximum yields. However, a 1984 interaction 
presented in a later section indicated that when K nutrition was at its 
highest, maximum yields were produced at the 88,888 plants ha ^ density. 
Treatment Effects on Other Elements and Plant Nutrients 
Table 16 summarizes the statistically significant responses of the 
secondary nutrients, micronutrients and other elements to the applied 
treatments. Except for S and B, the secondary and micronutrients listed 
in Table 16 are absorbed by plants as cations. Therefore, it is not sur­
prising that there is a positive relationship between the cations and 
applied N and P which are absorbed primarily as anions. Sulfur is ab­
sorbed as and, although there are instances reported where N in the 
NH^ form has increased absorption (Cox and Reisenauer, 1973; Kirby, 
1968), the opposite was true with the sampling used in this experiment. 
Had tissue samples been taken early in the growing season when some of 
Table 16. The responses of the secondary nutrients, micronutrients and other elements to increas­
ing amounts of N, P and K fertilizer and increasing plant densities in 1984 
Nutrient^ 
Treatment Ca Mg Fe S Zn Cu B Cr Cd A1 Ni Mn 
N + + + — + + + + + ns ns + 
P + ns + - - - ns ns I + ns + 
K — — ns ns ns — — — — — — — 
Plant density - ns ns - ns + - ns I + ns -
= nutrient increases as fertilizer rate increases; - = nutrient decreases as fertilizer 
rate increases; ns = response is not statistically significant; I = the response is inconsistent. 
the fertilizer N was still in the NH^ form, the positive relationship may 
have been observed. However, by silking, most if not all of the fertil­
izer N should have been converted to the nitrate form. Since B is also 
absorbed as an anion, it should have had a response similar to S. How­
ever, OH is a competitive inhibitor of B absorption and its concentration 
would have been reduced if the N applications reduced soil pH. This could 
account for the positive response of B to increased N applications. 
The negative effect of P fertilizer on Cu and Zn Is consistent with 
observations reported in the literature. Phosphorus-induced deficiencies 
of both Cu and Zn have been reported (Bingham and Garber, 1960; Viets et 
al., 1954, 1957; Thorne, 1957; Stuckenholtz et al., 1966). A comparison 
of the minimum mean concentration of each nutrient with reported critical 
levels shows all secondary and micronutrients with the exception of Zn to 
be at or above the critical level (Table 17). At the 110 Kg ha ^ P treat­
ment, the mean Zn level is at the critical level of .015 g Kg ^ listed by 
Melsted et al. (1969) and below the .020 level listed by Jones (1972). 
-1 -1 
Even the 74 Kg P ha treatment mean concentration of .017 g Zn Kg dry 
weight was below Jones' critical level. Despite the apparent borderline 
Zn levels at the two fertilizer P rates, there was not a yield decline in 
response to the addition of fertilizer P which would be expected if a P-
induced Zn deficiency limited yields. Nevertheless, it would have been 
interesting to add a Zn treatment, because the mean soil test P levels 
were all very high. 
The response of the other nutrients to the K and plant density 
treatments are for the most part'as expected. They either decreased in 
concentration as K levels increased or they were not significantly 
Table 17. Comparison of the minimum mean leaf concentrations with published critical levels 
Mm mean 
conc Treatment 
Critical Toxic Plant 
level level part Stage Source 
S 
Ca 
Mg 
Fe 
Mn 
Zn 
Zn 
Cu 
B 
Cr 
Cd 
A1 
Ni 
2.07 
8.90 
3-07 
.119 
.054 
.015 
.0053 
.007 
.0002 
.00007 
.041 
.0003 
Highest P rate 1.2 
Highest K rate 4.0 
Highest K rate 1.5 
Lowest N rate 
Highest P rate 
Highest P rate 
Lowest N rate 
Lowest N rate 
Lowest N rate 
Lowest and 
Highest P rate 
Lowest P rate 
Highest P rate 
.020 
.020 
.020 
.015 
.005 
.004 
.350 
.200 
.500 
.030 
,025 
Not published 
Ear leaf 
Ear leaf 
Ear leaf 
Ear leaf 
Ear leaf 
Ear leaf 
Ear leaf 
Ecir leaf 
Ear leaf 
Early silk 
Tassel 
Tassel 
Initial silk 
Initial silk 
Initial silk 
Tassel 
Initial silk 
Initial silk 
Cornforth (1981) 
Melsted et al. (1969) 
Melsted et al. (1969) 
Jones, J. B. (1972) 
Jones, J. B. (1972) 
Jones, J. B. (1972) 
Melsted et al. (1969) 
Jones, J. B. (1972) 
Jones, J. B. (1972) 
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different. As plant density increased, the concentrations of four ele­
ments (Ca, Mn, Cr, and S) declined, five (Mg, Fe, Zn, Cr, and Ni) re­
mained the same, one (Cd) changed but inconsistently, and two (Cu and Ni) 
significantly increased. 
Interactions 
The only significant interaction in 1982 was the N x K interaction . 
shown in Figure 1. The interaction was the result of the leaf K level 
declining with increased N on the 0 fertilizer K plots but remaining 
constant when 186 and 279 Kg K ha~^ were applied. The significant inter­
actions in 1983 were P x K and P x plant density on grain moisture, P x N 
on leaf N, P x N on leaf K and a P x K x plant density interaction on yield. 
The three-way interaction presented in Figures 2a through 2c shows that 
at the 0 P rate, yields were consistently greater across all densities. 
At the lowest plant density, there was a yield response to K and the com­
bination of the highest P and K fertilizer rates gave yields comparable to 
the combination of the 0 P and K rates. At the intermediate and high plant 
densities, however, the 0 rate P K combination gave the greatest grain 
yields and the high-rate combination the least. Figure 3 shows the N x P 
interaction on leaf N to be a demonstration of the dilution effect. The 
other three interactions do not add to the discussion and have not been 
shown. Several significant interactions occurred in 1984. The three most 
interesting are presented in Figures 4, 5, and 6. Figure 4 shows the 
K X plant density interaction that was referred to earlier. On the unfer­
tilized K plots, the highest density gave the lowest yield, but at the 
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Figure 1. The effect of the N x K interaction on leaf K concentrations 
in 1982 
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Figure 2a. The effect of the P x K x plant density interaction on yield 
in 1983 - 59,259 plants ha~^ density 
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Figure 2b. The effect of the P x K x plant density interaction on yield 
in 1983 - 69,135 plants ha~^ density 
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Figure 2c. The effect of the P x K x plant density interaction on yield 
in 1983 - 79,012 plants ha~^ density 
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Figure 3. The effect of the N x P interaction on leaf N concentration in 
1983 
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Figure 4. The effect of the K x plant density interaction on yield in 
1984 
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Figure 5. The effect of the N x K interaction on leaf Mg concentration 
in 1984 
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Figure 6. The effect of the N x P interaction on leaf Cd concentration 
in 1984 
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279 kg K ha ^ rate, the highest density resulted In maximum yield. This 
would indicate that adequate plant nutrient was necessary to get a bene­
fit from greater plant densities. Figure 5 clearly demonstrates that Mg 
absorption decreased as K availability Increased, which is consistent with 
literature reports (Barber, 1968). The interaction in Figure 6 was most 
likely an indication of Increased Cd availability. Cadmium is a con­
taminate in P fertilizer so increased rates of P applied would be expected 
to apply greater amounts of Cd. The Importance of P and K nutrition in 
the lodging of corn as plant densities Increase was shown in Figures 7 
and 8. At the lowest density there was very little lodging and very 
little response to either element. As plant densities increased, there 
was considerably more lodging but at the highest density, lodging was 
reduced drastically by the 110 Kg ha ^ P rate and the 279 Kg ha~^ K rate. 
The importance of K in reducing lodging was further demonstrated in the 
K X N interaction shown in Figure 9. On the unfertilized K plots, lodging 
increased with Increased amounts of applied fertilizer N. When K was 
applied, the amount of lodging remained relatively constant across all N 
rates. 
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Figure 7. The effect of the K x plant density interaction on plant 
lodging in 1984 
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Figure 8. The effect of the P x plant density interaction on plant 
lodging in 1984 
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Figure 9. The effect of the K x N interaction on plant lodging in 1984 
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SUMMARY AND CONCLUSIONS 
The objectives of this study were to (a) determine the maximum yield 
under prevailing climatic conditions in central Iowa and (b) determine 
what combination of the controlled factors of N, P, K and plant density 
gave maximum yield. Three levels of each of the factors were combined in 
every combination and applied to plots in experimental areas that were 
rotated with soybeans for the 3 years of the experiment. Nitrogen fer­
tilizer rates of 168, 252 and 536 Kg ha ^ were used all 3 years. Phos­
phorus and K fertilizer rates of 0, 74, 110 Kg ha~^ and 0, 186, 279 Kg 
ha ^, respectively, were also constant across all 3 years. The same 
plant densities of 59,259, 69,135 and 79,012 plants ha ^ were used in 
both 1982 and 1983 but were changed to 59,259, 74,074 and 88,888 plants 
ha ^ in 1984. Grain yield, grain moisture at harvest, and leaf and 
grain N, P and K concentrations were measured to determine treatment 
effects. 
Weather had a moderating effect on yields all 3 years of the experi­
ment. In 1983 and 1984, temperature and moisture stresses were high in 
late July and August. In 1982, frequent spring precipitation delayed 
planting and forced the use of a shorter season hybrid. 
Grain yields in 1982 ranged from 7.7 to 11.4 Mg ha ^ with an experi­
ment mean of 9.6 Mg ha ^. Statistical analyses indicated that the maxi­
mum treatment levels producing maximum yield were 168 Kg N ha~^, 0 Kg 
P ha 279 Kg K ha ^ and 59,259 plants ha Yields in 1983 ranged from 
2.57 to 11.7 Mg ha ^ and the experiment mean was 8.49 Mg ha~^. Minimum 
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treatment levels producing maximum yields were 168 Kg N ha 0 Kg P ha~^, 
-1 -1 0 Kg K ha and a plant density of 59,259 plants ha . In 1984, the 
experiment mean was 11.2 Mg ha ^ with a range from 7.15 to 14.7 Mg ha~^. 
Maximum yields were produced with 168 Kg ha~^ N, 0 Kg ha~^ P, 186 Kg ha~^ 
K and plant densities of 59,259 plants ha ^. 
The absence of a significant grain yield response to N was attributed 
to the fact that two-thirds of the previous year's soybeans were left in 
the field unharvested, thus contributing to the following year's N supply. 
Despite this excess N, grain and leaf N concentrations were significantly 
increased each year by increased N fertilizer rates. The mean soil P 
levels were high or very high and supplied adequate P for maximum yields 
even on unfertilized P plots. Leaf P concentrations responded positively 
to fertilizer P all 3 years with 1982 and 1984 being statistically 
different. Grain P concentrations responded positively and significantly 
all 3 years. 
Grain yields increased with each increment of K fertilizer in 1982 
even though leaf K concentrations were at or above the critical level 
and soil test K levels ranged from M to VH. In 1983, unfertilized K 
plots produced maximum yields with leaf K levels averaging only 15.3 
-1 -1 
g K Kg dry weight. Mean leaf K concentrations of 13.5 g K Kg 
dry weight produced respectable yields of 10.7 Mg ha ^ in 1984 but the 
186 Kg ha ^ rate of K fertilizer produced the maximum yield and leaf K 
concentrations of 19.7 g K Kg ^ dry weight. 
A negative yield response to added P and K fertilizer was observed 
in 1983. It was suggested that the response was due to greater plant 
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growth on the fertilized plots resulting in greater évapotranspiration 
rates which reduced water use efficiency. A negative grain yield re­
sponse to increased plant density was also observed in 1983 but an inter­
active effect in 1984 indicated that 88,888 plants ha ^ produced maximum 
yield when K was adequate. Leaf N and P concentrations responded as ex­
pected to greater plant densities. They either declined or remained con­
stant. Leaf K, however, increased in two years and remained constant the 
third when leaf N and P levels declined significantly. Significant K x 
plant density and P x plant density interactions on lodging demonstrated 
the importance of adequate P and K nutrition in maintaining standability 
as plant densities increase. 
Although the controlled treatments did not increase yields greatly 
in this experiment, some conclusions can be drawn. (1) Weather remained 
a critical factor in determining yields. (2) The N requirement for maxi­
mum yield was not specifically determined. The amount available was 
somewhere between 218 Kg N ha ^ and an estimated 520 Kg ha (3) Soil 
P levels of 29 to 32 mg Kg ^ were sufficient to support maximum yields in 
this experiment without added fertilizer P. However, these levels may 
or may not be sufficient in periods of more favorable weather. As soil P 
levels rise, Zn and perhaps Cu should be monitored to ensure they do not 
begin to limit yields. (4) Grain yield was most responsive to K in this 
experiment. Therefore, strict attention should be paid to K nutrition for 
both grain yield and reducing lodging as both plant densities and N fer­
tilizer rates are increased. (5) Grain yield responses to plant density 
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were sensitive to the additional stresses that were placed on the 
plant. Therefore, the plant density producing maximum yield will be 
determined by mineral nutrition and moisture and temperature stresses. 
To the extent possible, these factors must be considered when selecting 
the plant density. In this experiment, a density of 88,888 plants ha ^ 
produced maximum yield when K nutrition was adequate, but 59,259 plants 
ha ^ produced maximum yields when moisture and temperature stresses were 
high regardless of K nutrition. 
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GENERAL SUMMARY 
The objectives of this research were to (a) determine the maximum 
ccrn yield under prevailing climatic conditions in eastern and central 
Iowa and (b) determine what combination of the controlled factors would 
give maximum yield. To meet the objectives, experiments were established 
over a 3-year period in central and eastern Iowa. Section I of this 
paper discussed experiments that were conducted in Scott County in 1982, 
Cedar County in 1983 and Boone County in 1982, 1983 and 1984. These ex­
periments evaluated the effects of fertilizer N rate, timing of N appli­
cation, hybrid, row spacing, and plant density on corn yield. Section II 
discussed separate experiments conducted in Boone County in 1982, 1983 and 
1984 to evaluate the effects of N, P and K fertilizer rates and plant 
densities on corn yield. 
With the exception of the Scott County site, weather moderated yields 
in all experiments by either delaying planting or by severe moisture stress. 
In 1983, added P and K fertilizer resulted in significant yield reductions. 
This response was attributed to weather effects. 
Maximum mean yields reported were 11.2 Mg ha~^ in the Section II 
Boone County experiment in 1984, 10.44 Mg ha ^ on the Section I Boone 
County experiment in 1984, and 10.32 Mg ha ^ on the Scott County experi­
ment in 1982. Statistical analyses indicated that the lowest N rate, 0 
Kg ha P rate, lowest plant density and either N-timing treatments pro­
duced maximum yields in every experiment and every year that they were 
applied. The K rate necessary to produce maximum yield varied every 
year. In 1982, the highest rate of 279 Kg K ha ^ was required. In 
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1983, the 0 rate produced the highest yield and the application of K fer­
tilizer resulted in nonsignificant yield reductions. The intermediate 
rate of 186 Kg K ha ^ produced maximum yields in 1984. In 1982, the 50-cra 
row spacing gave the greater yield, but in 1983 and 1984, row spacing did 
not affect yields. Pioneer 3541 produced maximum yields in 1982 and 1983 
at the Boone County and Scott County sites and was equal to Stauffer 7759 
at the Cedar County site. In 1984, B73xLH38 produced maximum yields. 
Significant interactions suggested that plant density, hybrid and N, 
P and K fertilizer rates all affected plant lodging. Interactions also 
indicated that, although the lowest plant density produced maximum yields 
in most cases, when soil K levels were adequate, the higher densities 
produced greater yields. 
Additional research was suggested to study the response of leaf K 
concentrations to increased plant density. In these experiments, leaf K 
concentration showed a tendency to increase when plant density increased. 
This response is the opposite of what was expected. It was suggested 
that the response may be caused by changes within the plant that cause 
changes of K partitioning in specific plant parts. Data were not col­
lected in these experiments to evaluate this response however. It was 
suggested that additional work on this area was warranted because it 
implies that the critical level of K was dependent on plant density. 
Although the controlled treatments did not greatly increase yields 
in these experiments, some conclusions were reached. (1) Weather and 
hybrid selection were critical factors in determining maximum yield. 
(2) The plant density that produced the maximum yield was affected by 
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hybrid selection, mineral nutrition and moisture and temperature 
stresses. (3) Nitrogen fertilizer rates of 67 to 168 Kg ha~^ and soil P 
levels of 29 to 32 mg Kg ^ were sufficient to produce maximum yields in 
these experiments. However, these levels may not be adequate in periods 
of more favorable weather. (4) Added fertilizer K had positive effects 
on grain yield and on plant lodging when plant densities and N fertilizer 
rates were increased. 
In these experiments, the hybrids' yield potential as well as their 
abilities to resist lodging under high N and high plant density condi­
tions were important in determining maximum yields. 
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APPENDIX A 
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Table Al. Analyses of variance for grain yield, grain moisture (GM) and 
leaf N concentration (LN) at the Boone County site in 1982 
Source of 
variation df Yield 
F values 
GM LN 
Rep 
Row spacing (RW) 
Error a 
N 
Hybrid (HY) 
Plant density (POP) 
RW X N 
N X HY 
RW X HY 
RW X POP 
N X POP 
RW X N X HY 
RW X N X POP 
RW X HY X POP 
RW X N X HY X POP 
Error b 
2 
1 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 
2 
1 
4 
44 
.14 
26.95* 
5.28** 
2 2 . 8 0 * *  
22.45** 
.72 
1.28 
11.09** 
4.08* 
1.85 
1.25 
.93 
.35 
2.16 
.45 
.15 
1.89 
191.57** 
2.50 
1.83 
1.43 
.01 
.04 
.07 
1.06 
.30 
.01 
. 2 6  
2.80 
.79 
4.32* 
41.98** 
28.64** 
1.31 
.44 
.05 
.03 
1.03 
.37 
.17 
.95 
.37 
*/**Significant at the .05 and .01 levels of probability, 
respectively, in this and all subsequent tables where applicable. 
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Table A2. Analyses of variance for leaf P (LP) and K (LK) concentrations 
and grain N (GN) concentrations at the Boone County site in 
1982 
F values 
Source of 
variation df LP LK GN 
Rep 2 12.12** 6.22** 1.23 
Row spacing (RW) 1 .003 .003 1.11 
Error a 2 
N 2 1.64 .43 2.93 
Hybrid (HY) 1 6.30* 113.29** 7.64** 
Plant density (POP) 1 1.24 8.88** 2.78 
RW X N 2 .13 .75 2.38 
N X HY 2 .78 .66 2.64 
RW X HY 1 .15 .07 .37 
RW X POP 1 4.85* .14 7.74** 
HY X POP 1 1.30 3.74 .46 
N X POP 2 .74 .40 1.70 
RW X N X HY 2 .21 .10 2.23 
RW X N X POP 2 1.76 .29 1.35 
RW X HY X POP 1 .62 .69 4.09* 
RW X N X HY X POP 4 .35 .45 3.17* 
Error b 44 
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Table A3. Analyses of variance for grain P (GP) and K (GK) concentra­
tions at the Boone County site in 1982 
Source of 
variation df 
F values 
GP GK 
Rep 
Row Gpacincf (RW) 
Error a 
N 
Hybrid (HY) 
Plant density (POP) 
RW X N 
N X HY 
RW X HY 
RW X POP 
HY X POP 
N X POP 
RW X N X HY 
RW X N X POP 
RW X HY X POP 
RW X N X HY X POP 
Error b 
2 
1 
2 
2 
1 
1 
2 
2 
1 
1 
1 
2 
2 
2 
1 
4 
44 
.79 
2.12 
.47 
3.40 
2 . 2 0  
1.22 
1.73 
.12 
3.11 
.65 
2.10 
1.26 
3.28* 
2.15 
2.18 
.75 
6 . 0 0  
.61 
23.02** 
1.17 
1.19 
2.16 
.41 
3.32 
1.12 
2.34 
1 . 6 8  
2.63 
3.00 
1.88 
123 
Table A4. Analyses of variance for grain yield, grain moisture (GM) and 
leaf N (LN) concentration at the Scott County site in 1982 
Source of 
variation df Yield 
F value 
GM LN 
Rep 
Hybrid (HY) 
Error a 
N 
Plant density (POP) 
N X POP 
Error b 
N X HY 
HY X POP 
N X HY X POP 
Error c 
3 
1 
3 
2 
2 
4 
24 
2 
2 
4 
24 
3.21 
44.68** 
5.49* 
4.73* 
.70 
5.78** 
8.96** 
2.11 
.04 
141.43** 
3.23 
1.53 
.17 
.45 
.41 
.75 
1.36 
.02 
12.84** 
12.71** 
.50 
2.29 
1.33 
.92 
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Table A5. Analyses of variance for leaf P (LP) and K (LK) concentrations 
and grain N (GN) concentration at the Scott County site in 1982 
F value 
Source of 
variation df LP LK GN 
Rep 3 29.60** 64.21** 1.13 
Hybrid (HY) 1 118.92** 411.98** 3.75 
Error a 3 
N 2 1.30 .22 18.01** 
Plant density (POP) 2 8.03** .39 5.91** 
N X POP 4 .59 .76 2.71 
Error b 24 
N X HY 2 .19 .39 1.80 
HÏ X POP 2 .53 .75 5.41** 
N X HY X POP 4 .36 .33 1.31 
Error c 24 
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Table A6. Analyses of variance for grain P (GP) and K (GK) concentrations 
at the Scott County site in 1982 
Source of 
variation df 
F value 
GP GK 
Rep 
Hybrid (HY) 
Error a 
N 
Plant density (POP) 
N X POP 
Error b 
N X HY 
HY X POP 
N X HY X POP 
Error c 
3 
1 
3 
2 
2 
4  
24 
2 
2 
4 
24 
1.52 
4.56 
.54 
.43 
2.96* 
2.57 
4.01* 
1.24 
.30 
38.17** 
.41 
.10 
4.02* 
2.85 
4.13* 
1.44 
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Table A7. Analyses of variance for grain yield, grain moisture (GM) and 
leaf N concentration (LN) concentration at the Boone County 
site in 1983 
Source of 
variation df Yield 
F value 
GM LN 
Rep 
Row spacing (RW) 
Error a 
N 
Hybrid (HY) 
Plant density (POP) 
RW X N 
N X HY 
RW X HY 
RW X POP 
HYx POP 
N x POP 
RW X N X HY 
RW X POP 
Error b 
F:W X HY X POP 
RW X N X HY X POP 
Error c 
2 
2 
4 
2 
1 
1 
4 
2 
2 
2 
1 
2 
4 
4 
6 
2 
6 
66 
.11 
.11 
1.19 
18.30** 
28.03** 
.63 
.02 
.63 
1.21 
4.96* 
.19 
.42 
.54 
2.60 
.70 
. 2 8  
1.01 
.34 
170.05** 
.05 
.46 
1.15 
1.35 
.54 
.03 
.05 
.90 
.46 
1.21 
1.33 
3.65 
2.39 
11.05** 
51.05** 
38.44** 
1.59 
1.35 
2.91 
2 . 2 0  
3.55 
6.88** 
2 . 6 8 *  
.40 
2.30 
.99 
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Table A8. Analyses of variance for leaf P (LP) and K (LK) concentrations 
and grain N (GN) concentration at the Boone County site in 
1983 
Source of 
variation df LF 
F value 
LK GM 
Rep 
Row spacing (RW) 
Error a 
N 
Hybrid (HY) 
Plant density (POP) 
RW X N 
N X HY 
RW X HY 
RW X POP 
HY X POP 
N X POP 
RW X N X HY 
RW X N X POP 
Error b 
RW X HY X POP 
RW X N X POP 
Error c 
2 
2 
4 
1.80 
.79 
2 .19 
1 1.26 
1 .01 
4 .29 
2 .41 
2 .95 
2 1.39 
1 1.43 
2 2.43 
4 1.05 
4 1.35 
6 
2 .09 
6 .47 
66 
1.04 
.15 
.33 
.52 
.02 
.32 
3.48* 5.55** 
95.28** 26.09** 
1.29 8.72** 
.33 1.51 
1.93 .69 
.87 2.05 
.31 1.23 
.02 .13 
.10 .14 
4.39** .30 
1.92 .09 
1.30 
. 8 6  
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Table A9. Analyses of variance for grain P (GP) and K (GK) concentra­
tions and percent barren stalks (PE) at the Boone County site 
in 1983 
Source of 
variation df GP 
F value 
GK PB 
Rep 
Row spacing (RM) 
Error a 
N 
Hybrid (HY) 
Plant density (POP) 
RW X N 
N X HY 
RW X HY 
RW X POP 
HY X POP 
N X POP 
RW X N X HY 
RW X N X POP 
Error b 
RK X HY X POP 
RW X N X POP 
Error c 
2 
2 
4 
2 
1 
1 
4 
2 
2 
2 
1 
2 
4 
4 
6 
2 
6 
66 
]  . 8 6  
.65 
1.19 
3.09 
•".89 
1.09 
1.05 
1.02 
.84 
.72 
1.43 
1.14 
.97 
.84 
.36 
.01 
.37 
.60 
44.51** 
.15 
1.63 
.10 
.02 
.98 
1.20 
1.59 
.72 
.51 
.81 
2 . 2 2  
.73 
.31 
.30 
17.86** 
55.44** 
.78 
.69 
. 2 2  
.74 
2.57 
.07 
.64 
.37 
2.92 
.80 
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Table AlO. Analyses of variance for grain yield, grain moisture (GM) 
and leaf N concentration (LN) at the Cedar County site in 
1983 
Source of 
variation 
F value 
df Yield GM LN 
Pep 2 
Hybrid (HY) 1 
Error a 2 
N 2 
HY X N 2 
NTIMING 1 
N X NTIMING 2 
HY X NTIMING 1 
HY X N X NTIMING 2 
Error b 20 
Plant density (POP) 1 
HY X POP 1 
N X POP 2 
NTIMING X POP 1 
HY X NTIMING x POP 1 
HY X N X POP 2 
N X NTIMING X POP 2 
HY X N X NTIMING X POP 2 
Error c 24 
.12 
.27 
2 . 2 8  
1.84 
.24 
.15 
.02 
.07 
.44 
2.10 
.59 
. 2 8  
0 
1.74 
.73 
.23 
.24 
146.13** 
1.49 
2.07 
2.39 
.62 
.08 
2.92 
11.49** 
.90 
3.27 
4.46* 
.16 
.96 
1.50 
1.09 
16.88 
.48 
1 1 . 6 0 * *  
. 2 2  
.01 
.35 
.53 
1.12 
9.36** 
1.24 
.01 
3.92 
.29 
.59 
.50 
2.72 
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Table All. Analyses of variance for leaf P (LP) and K (LK) concentra­
tions and grain N concentration (GN) at the Cedar County site 
in 1983 
Source of 
variation df LP 
F value 
LK GN 
REip 2 
Hybrid (HY) 1 
Error a 2 
N 2 
HY % N 2 
NTIMING 1 
N X NTIMING 2 
HY X NTIMING 1 
HY X N X NTIMING 2 
Error b 20 
Plant density (POP) 1 
HY X POP 1 
N X POP 2 
NTIMING X POP 1 
HY X NTIMING X POP 1 
HY X N X POP 2 
N X NTIMING X POP 2 
HY X N X NTIMING x POP 2 
Error c 2 4  
4 . 4 0  
248.99** 
.98 
.12 
.09 
.91 
.89 
,05 
5.30* 
.13 
.01 
2.67 
.23 
.28 
.34 
2,00 
.45 
9,20 
5,06* 
2 . 2 6  
5.20* 
4.04* 
.10 
1,55 
.03 
1,93 
1.69 
2.43 
.49 
. 2 6  
1.59 
.96 
.34 
3.99 
8,33** 
.64 
.02 
3.14 
.14 
4.68* 
2 . 6 6  
2.44 
.96 
. 2 2  
0 
.09 
.59 
. 2 2  
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Table A12. Analyses of variance for grain P (GP) and K (GK) concentra­
tions and percent barren stalks (PB) at the Cedar County site 
in 1983 
Source of 
variation df GP 
F value 
GK PB 
Rep 2 
Hybrid (HY) 1 
Error a 2 
N 2 
HY X N 2 
NTIMING 1 
N X NTIMING 2 
HY X NTIMING 1 
HY X N X NTIMING 2 
Error b 20 
Plant density (POP) 1 
HY X POP 1 
N X POP 2 
NTIMING X POP 1 
HY X NTIMING x POP 1 
HY X N X POP 2 
N X NTIMING X POP 2 
HY X N X NTIMING X POP 2 
Error c 24 
29.17* 
.18 
1.97 
. 1 8  
.99 
8.92** 
4.36* 
6 . 8 1 * *  
3.63 
6.13* 
1.40 
.37 
2.91 
.37 
2.13 
1.45 
.83 
28.95* 
.59 
.30 
.15 
3.40 
.90 
2.81 
2.52 
6.50* 
1.22 
.05 
1.07 
.02 
.65 
.35 
1.0 
15.78 
5.35* 
.23 
7.10 
1.66 
.42 
1.63 
12.04** 
.86 
.89 
.05 
.97 
.09 
2.33 
.05 
132 
Table A13. Analyses of variance for yield, grain moisture (GM) and leaf 
N (LN) concentration on the N-timing experiment at Boone 
County in 1984 
Source of 
variation df Yield 
F values 
GM LN 
Rep 2 
N Timing 1 
Error a 2 
N 2 
Hybrid (HY) 1 
Plant density (POP) 1 
N X NTIMING 2 
N X HY 2 
HY X NTIMING 1 
PCP X NTIMING 1 
HV X POP 1 
N X POP 2 
N X HY X NTIMING 2 
N X POP X NTIMING 2 
Hy X POP X NTIMING 1 
N X HY X POP X NTIMING 4 
Error b 44 
1.13 
.87 
1.84 
16.58** 
1.42 
2.03 
3.48 
1 .00  
17.72** 
2.70 
1.36 
1.25 
.81 
.12 
1.94 
.63 
.17 
5.84** 
105.78** 
.10 
1.28 
.03 
2.90 
3.63 
.75 
.97 
.80 
.34 
.85 
1.15 
.76 
5.02 
19.81** 
.48 
4.36* 
.17 
.18 
.24 
4.04 
.20 
.43 
2.13 
1.27 
7.54** 
.52 
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Table A14. Analyses of variance for leaf P (LP) and K (LK) concentra­
tion and grain N concentration (GN) on the N-tiraing experi­
ment at the Boone County site in 1984 
Source of 
variation df LP 
F values 
LK GN 
Rep 2 
NTIMING 1 
Error a 2 
N 2 
Hybrid (HY) 1 
Plant density (POP) 1 
N X NTIMING 2 
N X HY 2 
HY X NTIMING 1 
POP X NTIMING 1 
HY X POP 1 
N X POP 2 
N X HY X NTIMING 2 
N X POP X NTIMING 2 
HY X POP X NTIMING 1 
N X HY X POP X NTIMING 4 
Error b 44 
.47 
.17 
19.75** 
6.41* 
15.46** 
.52 
.81 
.45 
2 . 6 0  
.40 
.61 
.90 
.82 
5.30* 
.48 
1.87 
.06 
1.39 
19.94** 
14.39** 
.57 
.34 
.90 
.99 
.02 
.29 
1.80 
1.98 
.14 
.85 
4.03 
3.24 
52.26** 
2.14 
7.85** 
1.04 
.42 
.01 
2 . 2 6  
2.14 
.96 
1.24 
.70 
.11  
.32 
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Table A15. Analyses of variance for grain P (GP) and K (GP) concentra­
tions and leaf Ca concentration on the N-tlmlng experiment 
at the Boone County site In 1984 
Source of 
variation df GP 
F values 
GK Ca 
Rep 2 
NTIMING 1 
Error a 2 
N 2 
Hybrid (HY) 1 
Plant density (POP) 1 
N X NTIMING 2 
N X HY 2 
HY X NTIMING 1 
POP X NTIMING 1 
HY X POP 1 
N X POP 2 
N X HY X NTIMING 2 
N X POP X NTIMING 2 
HY X POP X NTIMING 1 
N X HY X POP X NTIMING 4 
Error b 44 
1.77 
.06 
1.44 
8 . 6 0 * *  
6.40* 
.31 
6.21 
.09 
.02 
.05 
. 6 6  
2.49 
2.08 
.04 
1.19 
.60 
1.30 
1.40 
94.14** 
4.24* 
.69 
3.94* 
.01 
.35 
.09 
.49 
1.47 
.36 
.35 
1.79 
.64* 
4.61 
2.41 
69.52** 
8.46** 
1.69 
.05 
.25 
.01 
.07 
. 2 6  
1.88 
2.21 
1.86 
1.15 
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Table A16. Analyses of variance for leaf Mg, Al, and Fe concentrations 
on the N-timing experiment at the Boone County site in 1984 
F values 
Source of 
variation df Mg Al Fe 
Rep 2 7.50 24.25* 10.53 
NTIMING 1 111.13** 34.41* 8.67 
Error a 2 
N 2 31.34** .99 10.00** 
Hybrid (HY) 1 69.14** 19.96** 2.69 
Plant density (POP) 1 2.46 .81 1.49 
N X NTIMING 2 1.19 4.06* 6.51** 
N X HY 2 .19 3.10 .68 
HY X NTIMING 1 .29 3.32 3.23 
POP X NTIMING 1 5.61 .31 .02 
HY X POP 1 .19 .11 1.15 
N X POP 2 .36 .37 1.02 
N X HY X NTIMING 2 .68 2.34 4.79* 
N X POP X NTIMING 2 .67 1.87 2.92 
HY X POP X NTIMING 1 .07 3.17 13.23** 
N X HY X POP X NTIMING 4 .32 1.51 1.79 
Error b 44 
1 3 6  
Table A17. Analyses of variance for leaf Mn, Zn and Cu concentrations 
on the N-timing experiment at the Boone County site in 1984 
Source of 
variation d£ Mn 
F values 
Zn Cu 
Rep 2 
NTIMING 1 
Error a 2 
N 2 
Hybrid (HY) 1 
Plant density (POP) 1 
N X NTIMING 2 
N X HY 2 
HY X NTIMING 1 
POP X NTIMING 1 
HY X POP 1 
N X POP 2 
N X HY X NTIMING 2 
N X POP X NTIMING 2 
HY X POP X NTIMING 1 
N X HY X POP X NTIMING 4 
Error b 44 
38.34* 
15.81 
20.85** 
8.30** 
0 
1.15 
1.76 
1.70 
.02 
3.04 
.71 
.56 
.97 
.20 
.71 
46.96* 
13.33 
28.07** 
1.03 
1.74 
2.92 
1.60 
.08 
.03 
1.34 
.11 
.79 
.18 
.02 
.67 
.01 
. 2 8  
41.65** 
.25 
3.04 
1.29 
.42 
.21 
.73 
.33 
.48 
.21 
.90 
.46 
.37 
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Table A18. Analyses of variance for leaf B, Pb and Ni concentrations 
on the N-timing experiment at the Boone County site in 1984 
Source of 
variation df B 
F values 
Pb Ni 
Rep 2 
NTIMING 1 
Error a 2 
N 2 
Hybrid (HY) 1 
Plant density (POP) 1 
N X NTIMING 2 
N X HY 2 
HY X NTIMING 1 
POP X NTIMING 1 
HY X POP 1 
N X POP 2 
N X HY X NTIMING 2 
N X POP X NTIMING 2 
HY X POP X NTIMING 1 
N X HY X POP X NTIMING 4 
Error b 44 
7.60 
13.63 
30.04** 
82.50** 
13.58** 
1.82 
1.12 
.33 
.08 
9.92 
.53 
.79 
.09 
.64 
.45 
.01 
.13 
.59 
1.81 
.19 
1.41 
.59 
.19 
1.81 
.19 
1.41 
1.41 
.59 
1.81 
1 . 0 0  
.01 
.99 
.89 
. 2 0  
.65 
2.24 
.76 
. 0 6  
2.78 
.03 
.44 
.13 
.01 
.01 
.37 
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Table A19. Analyses of variance for leaf Cr and Cd concentrations on 
the N-tlmlng experiment at the Boone County site in 1984 
Source of 
variation df 
F values 
Cr Cd 
Rep 
NTIMING 
Error a 
N 
Hybrid (HY) 
Plant density (POP) 
N X NTIMING 
N X HY 
HY X NTIMING 
POP X NTIMING 
HY X POP 
N X POP 
N X HY X NTIMING 
N X POP X NTIMING 
HY X POP X NTIMING 
N X HY X POP X NTIMING 
Error b 
2 
1 
2 
2 
1 
1 
2 
2 
1 
1 
1 
2 
2 
2 
1 
4 
44 
.01 
4.15 
1.72 
.04 
3.06 
.95 
.21 
.63 
.10 
.23 
.89 
.39 
.32 
0 
. 6 6  
.01 
4.36 
.12 
.13 
1.25 
.08 
.19 
. 6 6  
.04 
2.25 
.37 
.38 
.01 
2.35 
.46 
139 
Table A20. Analyses of variance for grain yield, grain moisture (GM) and 
leaf N (LN) concentration on the row-spacing experiment at the 
Boone County site in 1984 
Source of 
variation df Yield 
F values 
GM LN 
Rep 
Row spacing (RM) 
Error a 
N 
Hybrid (HY) 
Plant density (POP) 
RW X N 
NRATE X HY 
RW X HY 
RW X POP 
HY X POP 
N X POP 
RW X N X HY 
RW X N X POP 
RW X HY X POP 
RW X N X HY X POP 
Error b 
2 
1 
2 
2 
1 
1 
2 
2 
1 
1 
1 
2 
2 
2 
1 
4 
44 
7.44 
2.18 
1.54 
6 . 2 6 *  
2.13 
.16 
.32 
.24 
.27 
1.99 
.76 
.10 
.29 
.01 
.16 
6.49 
3.58 
3.34* 
103.27** 
1.12 
.01 
. 2 6  
.10 
.77 
.52 
2.15 
1.07 
.01 
.43 
1.22 
2.03 
30.28* 
9.58** 
2.15 
4.01 
.92 
1 . 0 1  
1.68 
3.75 
3.12 
.56 
.43 
.21 
. 0 2  
.44 
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Table A21. Analyses of variance for leaf P (LP) and K (LK) concentra­
tions and grain N (GN) concentration on the row-spacing ex­
periment at the Boone County site in 1984 
Source of 
variation df LP 
F values 
LK GN 
Rep 
Row spacing (RW) 
Error a 
N 
Hybrid (HY) 
Plant density (POP) 
RW X N 
N X HY 
RW X HY 
RW X POP 
HY X POP 
N X POP 
RW X N X HY 
RW X N X POP 
RW X HY X POP 
RW X N X HY X POP 
Error b 
2 
1 
2 
2 
1 
1 
2 
2 
1 
1 
1 
2 
2 
2 
1 
4 
44 
12.23 
10.15 
12.70** 
7.17** 
18.71** 
2.45 
.07 
. 8 8  
.72 
.03 
1.04 
.15 
.24 
2.99 
. 6 8  
1.23 
.17 
1.11  
10.49** 
8.77** 
.25 
.84 
5.57* 
3.96 
.14 
.77 
.48 
1.50 
.02 
.79 
14.15 
6.13 
42.23** 
.04 
5.07* 
4.09* 
.97 
3.59 
.68 
1 .10  
1.39 
. 10  
.56 
.04 
.53 
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Table A22. Analyses of variance for grain P (GF) and K (GK) concentra­
tions and leaf Ca concentration on the row-spacing experiment 
at the Boone County site in 1984 
F values 
Source of 
variation df GP GK 
Rep 2 3.06 3.06 2.44 
Row spacing (RW) 1 1.98 1.98 .63 
Error a 2 
N 2 .06 .06 3.22* 
Hybrid (HY) 1 13.19** 13.19** 120.05** 
Plant density (POP) 1 1.68 1.68 6.62* 
RW X N 2 .22 .22 4.02* 
N X HY 2 1.40 1.40 1.72 
RW X HY 1 .21 .21 5.87* 
RW X POP 1 1.12 1.12 .37 
HY X POP 1 .06 .06 1.80 
N X POP 2 .46 .46 .08 
RW X N X HY 2 .41 .41 .06 
RW X N X POP 2 1.80 1.80 1.41 
RW X HY X POP 1 .07 .07 .02 
RW X N X HY X POP 4 .18 .18 1.03 
Error b 44 
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Table A23. Analyses of variance for leaf Mg, A1 and Fe concentrations on 
the row-spacing experiment at the Boone County site in 1984 
F values 
Source of 
variation df Mg A1 Fe 
Rep 2 1.99 4.48 105.97** 
Row spacing (RW) 1 .25 .08 7.12 
Error a 2 
rc 2 29.44** 2.37 3.53* 
Hybrid (HY) 1 51.39** 37.28** .03 
Plant density (POP) 1 6.85* .01 2.07 
RW X N 2 .89 2.07 2.75 
N X HY 2 .19 3.01 .73 
RW X HY 1 .03 .01 .11 
RW X POP 1 .15 .06 .17 
HY X POP 1 .20 .02 2.39 
N X POP 2 .72 1.02 .93 
RW X N X HY 2 .21 6.24** 2.61 
RW X N X POP 2 .22 1.06 1.37 
RW X HY X POP 1 .37 1.88 .83 
RW X N X HY X POP 4 .17 1.65 1.61 
Error b 44 
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Table A24. Analyses of variance for leaf Mn, Zn and Cu concentrations on 
the row-spacing experiment at the Boone County site in 1984 
Source of 
variation df Mn 
F values 
Zn Cu 
Rep 
Row spacing (RW) 
Error a 
N 
Hybrid (HY) 
Plant density (POP] 
EW X N 
N X HY 
RW X HY 
RW X POP 
HY X POP 
N X POP 
RW X N X HY 
RW X N X POP 
RW X HY X POP 
RW X N X HY X POP 
Error b 
2 
1 
2 
2 
1 
1 
2 
2 
1 
1 
1 
2 
2 
2 
1 
4 
44 
33.99* 
.15 
14.17** 
9.64** 
.44 
.29 
.54 
.13 
.60 
. 0 1  
. 0 6  
.08 
1.49 
1 . 00  
.39 
10.29 
1.15 
14.28** 
.01 
.85 
.03 
.07 
.23 
.04 
.23 
.14 
.06  
.34 
1.25 
.25 
1.03 
1.77 
35.65** 
.05 
2 . 6 6  
2.01 
1.08 
.07 
1.18 
.04 
1.62 
.23 
.55 
.10 
.41 
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Table A25. Analyses of variance for leaf B and Ni concentrations on 
the row-spacing experiment at the Boone County site in 1984 
F values Source of 
Variation df B Ni 
Rep 2 14.67 .01 
Row spacing (RW) 1 15.03 2.22 
Error a 2 
N 2 9.05** 1.70 
Hybrid (HY) 1 53.22** .47 
Plant density (POP) 1 7.50** 1.01 
Rw X N 2 1.33 1.22 
N X HY 2 1.10 .56 
RW X HY 1 1.71 .01 
RW X POP 1 .60 1.93 
HY X POP 1 2.48 .04 
N X POP 2 .34 .02 
RW X N X HY 2 .26 .27 
RW X N X POP 2 .26 .36 
RW X HY X POP 1 .27 .01 
RW X N X HY X POP 4 .20 .62 
Error b 44 
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Table A26. Analyses of variance for leaf Cr and Cd concentrations on 
the row-spacing experiment at the Boone County site in 1984 
F values 
Source of — 
variation df Cr Cd 
Rep 2 .01 .01 
Row spacing (RW) 1 1.86 .04 
Error a 2 
N 2 2.01 1.07 
Hybrid (HY) 1 .04 .07 
Plant density (POP) 1 2.19 .77 
RW X N 2 .58 .24 
N X HY 2 .16 .46 
RW X HY 1 .15 .57 
RW X POP 1 .01 .07 
HY X POP 1 .98 .62 
N X POP 2 .09 .20 
RW X N X HY 2 .81 .09 
RW X N X POP 2 1.24 .77 
RW X HY X POP 1 1.93 3.53 
RW X N X HY X POP 4 .71 .29 
Error b 44 
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Table Bl. Analyses of variance fof grain yield in 1982, 1983 and 1984 
Source of 
variation 
F values 
df 1982 1983 1984 
P/K squares 8 
K 2 
Error a 16 
P 2 
Error b 16 
P X K 4 
Error c 32 
N 2 
Plant density (POP) 2 
N X POP 4 
P X N 4 
K X N 4 
P X N X K 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 32 
21.84** 
. 6 2  
. 8 8  
.30 
.16 
.82 
.16 
1.60 
.73 
1.21 
.61 
1.37 
1.02 
3.46 
1.38 
.47 
7.05** 
1.50 
.30 
. 2 6  
.31 
.17 
.08 
2.98* 
4.66* 
1.20 
.23 
.46 
2.24 
5.97** 
.58 
.65 
1.70 
5.30** 
.71 
1.60 
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Tcible B2. Analyses of variance for grain moisture in 1982, 1983 and 1984 
Source of 
variation 
F values 
df 1982 1983 1984 
P/K squares 8 
K 2 
Error a 16 
P rate 2 
Error b 16 
K X P 4 
Error c 32 
N 2 
Plant density (POP) 2 
N X POP 4 
P X N 4 
K X N 4 
P X N X K 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 32 
16.08** 
2.14 
1.60 
1.23 
1.44 
.78 
.17 
1.55 
1.08 
2.02 
.96 
.80 
47.28** 
2.64 
3.85* 
3.74* 
2.12 
1.73 
. 8 8  
.71 
.60 
.92 
4.49** 
1 . 0 6  
8.07** 
. 2 2  
1.07 
.55 
.47 
.56 
.96 
.39 
.55 
.77 
.75 
1.06 
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Table B3. Analyses of variance for leaf N concentration in 1982, 1983 
and 1984 
Source of 
variation df 1982 
F values 
.1983 1984 
P/K squares 8 
K 2 
Error a 16 
P 2 
Error b 16 
P X K 4 
Error c 32 
N 2 
Plant density (POP) 2 
N X POP 4 
P X N 4 
K X N 4 
K X N X P 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 32 
15.46** 
2.51 
.77 
5.41** 
3.02 
1.04 
1.36 
.69 
1.79 
2.09 
1.23 
1.60 
31.74** 
.76 
1.30 
218.06** 
J6.80** 
1 . 8 0  
6.97** 
1.08 
.73 
.81 
1,50 
1.67 
8.99** 
6.52** 
1.70 
22.78** 
11.61** 
1.97 
.59 
.10 
.04 
.58 
. 2 2  
.89 
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Table B4. Analyses of variance for leaf P concentration in 1982, 1983 
and 1984 
Source of 
variation df 1982 
F value 
1983 1984 
P/K squares 8 
K 2 
Error a 16 
P 2 
Error b 16 
P X K 4 
Error c 32 
N 2 
Plant density (POP) 2 
N X POP 4 
P X N 4 
K X N 4 
K X N X P 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 32 
3.89* 
75.51** 
1.36 
.78 
.08 
2.38 
.13 
.11 
.24 
1.78 
.17 ' 
1.32 
2 . 2 0  
1.46 
1.51 
5.40** 
1.07 
1.38 
.78 
1.01 
1.03 
.75 
.78 
.96 
12.88** 
27.28** 
2.05 
40.53** 
18.16** 
.47 
5.41** 
1 . 0 6  
.20 
.69 
1.18 
1.05 
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Table B5. Analyses of variance for leaf K concentration in 1982, 1983 
and 1984 
Source of 
variation df 1982 
F values 
1983 1984 
P/K squares 8 
K 2 
Error a 16 
P 2 
Error b 16 
P X K 4 
Error c 32 
N 2 
Plant density (POP) 4 
N X POP 4 
P X N 4 
K X N 4 
K X N X P 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 32 
135.20** 
3.20 
.93 
1.01 
2.64 
. 2 6  
1.93 
2.87* 
1.23 
.23 
.39 
. 8 2  
250.59** 
.58 
2 . 8 0 *  
1 . 6 8  
2.61 
.84 
.33 
4.67** 
.39 
0 
.89 
1.71 
251.14** 
.35 
.54 
.01 
.35 
.72 
.41 
1.36 
. 6 2  
.41 
.42 
.  66 
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Table B6. Analyses of variance for grain N concentration in 1982, 1983 
and 1984 
Source of 
variation df 1982 
F values 
1963 1984 
P/K squares 8 
K 2 
Error a 16 
P 2 
Error b 16 
P X K 4 
Error c 32 
N 2 
Plant density (POP) 2 
N X POP 4 
P X N 4 
K X N 4 
K X N X P 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 32 
.77 
2.95 
.74 
2 . 6 8  
2.46 
.99 
1.92 
.29 
.72 
. 8 6  
.37 
.53 
1.64 
. 2 0  
.67 
9.82** 
.83 
.94 
.56 
1.23 
.43 
. 2 2  
.65 
2.04 
3.26 
.40 
4.43** 
16.32** 
.77 
.16 
.44 
. 2 0  
.27 
1.27 
.56 
.37 
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Table 'B7. Analyses of variance for grain P concentration in 1982, 1983 
and 1984 
Source of 
variation df 1982 
F values 
1983 1984 
P/K squares 8 
K 2 
Error a 16 
P 2 
Error b 16 
P X K 4 
Error c 32 
N 2 
Plant density (POP) 2 
N X POP 4 
P X N 4 
K X N 4 
K X N X P 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 32 
1.11  
3.60* 
1.78 
.24 
.08 
1.30 
.56 
.27 
.78 
2 . 0 6  
2.42 
.73 
5.87** 
23.49* 
.91 
.  66 
.05 
.65 
2.54 
1.92 
1.25 
.81 
1.02 
.43 
1.43 
22.33** 
.59 
1.81 
.69 
.18 
.09 
.30 
.24 
.52 
1.44 
.09 
154 
Table B8. Analyses of variance for grain K concentration in 1982, 1983 
and 1984 
Source of 
variation df 1982 
F values 
1983 1984 
P/K squares 
K 
Error a 
P 
Error b 
P X K 
Error c 
N 
Plant density (POP) 
N X POP 
P X N 
K X N 
K X N X P 
K X POP 
P X POP 
P X K X POP 
Error d 
8 
2 
16 
2 
16 
4 
32 
2 
2 
4 
4 
4 
8 
4 
4 
8 
32 
.91 
1 . 2 0  
1.87 
.47 
.24 
1.07 
. 2 2  
. 2 6  
.85 
1.67 
2.65 
.77 
3.54 
5.52* 
. 8 0  
1.28 
.02 
.40 
2.03 
. 6 6  
.87 
.59 
.34 
.74 
1.42 
6.03* 
.90 
.53 
.21 
.64 
1.20 
1.27 
.55 
.76 
.73 
.67 
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Table B9. Analyses of variance for leaf Ca, Mg and A1 concentrations 
in 1984 
Source of 
variation df Ca 
F values 
Mg A1 
P/K squares 8 
K 2 
Error a 16 
P 2 
Error b 16 
P X K 4 
Error c 32 
N 2 
Plant density (POP) 2 
N X POP 4 
P X N 4 
K X N 4 
K X N X P 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 32 
52.16** 
1 1 . 8 6 *  
. 8 6  
9.41** 
2.85 
.91 
.98 
3.93* 
.91 
2.15 
.64 
.77 
128.75** 
.23 
.59 
18.07** 
.71 
.16 
.83 
5.19** 
.31 
1.20 
.31 
.37 
4.05* 
5.09* 
1.51 
1.95 
2.61 
.56 
1.00 
.31 
.44 
.73 
.46 
.65 
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Table BIO. Analyses of variance for leaf Fe, Mn and Zn concentrations 
in 1984 
Source of 
variation df Fe 
F values 
Mn Zn 
P/K squares 8 
K 2 
Error a 16 
P 2 
Error b 16 
P X K 4 
Error c 3'A 
N 2 
Plant density (POP) 2 
N X POP 4 
P X N 4 
K X N 4 
K X N X P 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 32 
1 . 0 0  
2.53 
.96 
14.50** 
1.42 
. 8 2  
2.35 
.58 
.30 
.82 
.55 
.34 
17.68** 
7.74** 
. 8 8  
42.51** 
3.88* 
.17 
.79 
1.76 
.16 
1.39 
1.64 
.52 
.02 
42.51** 
1.59 
8.24** 
.65 
1 . 0 0  
.18 
. 6 2  
.12 
2.09 
.83 
.83 
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Table Bll. Analyses of variance for leaf Cu, B and Pb concentrations 
in 1984 
Source of 
variation df Cu 
F values 
Pb 
P/K squares 8 
K 2 
Error a 16 
P 2 
Error b 16 
P X K 4 
Error c 32 
N 2 
Plant density (POP) 2 
N X POP 4 
P X N 4 
K X N 4 
K X N X P 8 
K X POP 4 
P X POP 4 
P X K X POP 8 
Error d 3 2  
23.42** 
2 2 . 8 6 * *  
3.83* 
58.34** 
3.57* 
4.68** 
1.77 
.89 
.38 
. 18  
1.08 
1.26 
5.11* 
1.04 
2.61 
16.92** 
6.32** 
.31 
.43 
1.10 
.29 
. 2 6  
.77 
.96 
2.77 
.54 
.79 
1.60 
1.83 
.60 
2.24 
. 8 8  
1.12 
.36 
.50 
1 . 10  
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Table B12. Analyses of variance of leaf Ni, Cr and Cd concentrations 
in 1984 
Source of 
variation df Ni 
F values 
Cr Cd 
P/K squares 
K 
Error a 
P 
Error b 
P X K 
Error c 
N 
Plant density (POP) 
N X POP 
P X N 
K X N 
K X N X P 
K X POP 
P X POP 
P X K X POP 
Error d 
8 
2 
16 
2 
16 
4 
32 
2 
2 
4 
4 
4 
8 
4 
4 
8 
32 
3.18 
.31 
1.44 
.09 
.09 
.42 
.60 
.12 
.17 
.41 
.53 
. 8 8  
14.28** 
.47 
1 . 2 0  
4.34* 
.15 
1.75 
.16 
.40 
. 2 8  
2.44 
1.36 
2.19 
5.20* 
2.74 
1.05 
4.57* 
3.01 
1.37 
2.76* 
. 2 6  
.95 
2.38 
2.19 
2 . 6 8 *  
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Table B13. Analyses of variance for the lodging score in 1984 
Source of 
variation df 
F value 
1984 
P/K squares 
K 
Error a 
P 
Error b 
P X K 
Error c 
N 
Plant density (POP) 
N X POP 
P X N 
K X N 
K X N X P 
K X POP 
P X POP 
P X K X POP 
Error d 
8 
2 
16 
2 
16 
4 
32 
2 
2 
4 
4 
4 
8 
4 
4 
8 
32 
6.70** 
7.40** 
.46 
3.76* 
43.18** 
.72 
.59 
2 . 8 2 *  
.81 
2 . 8 2 *  
3.49* 
.55 
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Table B14. Analyses of variance for soil pH, buffer pH and soil test P 
F values 
Source of 
variation df SpH BpH P 
YR 2 6,07** 3.11 1.55 
Error a 24 
K 2 161.24** 12.85* 7.88* 
Error b 4 
YR X K 4 .01 .15 .35 
Error c 40 
P 2 3.98 1.99 16.14* 
Error d 4 
YR X P 4 .27 .40 6.15** 
Error e 48 
K X P 4 .64 1.36 .86 
Error f 8 
YR X K X P 8 1.08 1.25 1.48 
Error g 96 
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Table B15. Analyses of variance for soil test K 
Source of 
variation 
YR 
Error a 
K 
Error b 
YR X K 
Error c 
P 
Error d 
YR X P 
Error e 
K X P 
Error f 
YR X K X P 
Error g 
df 
2 
24 
2 
4 
4 
40 
2 
4 
4 
48 
4 
8 
8 
96 
F value 
7.68** 
16.88* 
19.22** 
,37 
1.28 
,17 
1.94 
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Table B16. Analyses of variance for soil organic matter (OM), Zn and S 
F values 
Source of 
variation df OM Zn S 
YR 1 2.96 39.39** 145.00** 
Error a 16 
K 2 15.23 13.92 2.11 
Error b 2 
YR X K 2 .22 .07 1.41 
Error c 32 
P 2 3.05 1.63 3.80 
Error d 2 
YR X P 2 .14 .41 .32 
Error e 32 
K X P 4 12.61* 1.56 .24 
Error f 4 
YR X K X P 4 .51 .79 .80 
Error g 64 
